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ABSTRACT 


i .  * 


From  the  viewpoint  of  some  ship  designers,  a  fundamental  deficiency 
In  the  current  process  by  which  naval  combatants  are  designed  Is  the  lack 
of  Interface  and  feedback  between  the  design  of  the  major  subsystems  of  the 
total  ship.  In  order  to  address  this  deficiency,  and  In  fact,  to  determine 
the  feasibility  of  developing  an  Integrated  ship  system  design  process,  a 
research  and  development  project  was  Initiated  by  the  Navy  In  1 976 .  The 
project  leaders  proposed  the  development  of  an  "Atlas  of  Naval  Operational 
Envl roiiments ,"  or  "Ship  Designers  Atlas,"  which  Included  both  threat  (man-made)  and 
natural  (those  occurring  In  nature)  environments  which  naval  forces  could 
be  expected  to  encounter.  The  Atlas  would  be  directed  to  the  shtp  combat 
systems  designer. 

This  report  provides  the  natural  environments  required  by  the  Atlas 
for  nine  global  locations  considered  to  be  of  Importance  for  possible 
future  naval  operations  (adversary  encounters)  In  this  century.  The  nine 
operational  areas  are  located  In  or  near 
a.  the  Norwegian  Sea 

b-  the  northern  North  Atlantic  west  of  Scotland 


c.  the  eastern  Mediterranean  west  of  Cyprus 

d-  the  Japan  Sea  off  Korea 

e.  the  Gulf  of  Aden  off  Saudi  Arabia 

f.  the  southeastern  North  Atlantic  off  Guinea 

g.  the  North  Pacific  off  the  Aleutians 

h.  the  Caribbean  south  of  Cuba 

I.  the  Malacca  Straits  southeast  of  Singapore 
Worst  season  (wind  and  waves)  atmospheric  and  surface  environmental  data 
are  Included  for  each  area.  Subsurface  data  as  well  as  data  for  other 
global  areas  will  be  provided  In  future  reports. 

Individual  environmental  parameters  which  may  Impact  generic  ship 
missions  are  Identified.  Where  possible,  sensitivity  of  subsystems  to 
various  environmental  parameters  Is  discussed.  A  comparison  of  the  severity 
of  the  worst  seasons  for  each  of  the  nine  operational  areas  Is  made,  and 
recommendat I ons  for  picking  the  severest  areas  for  purposes  of  Combatant 
Capability  Assessment  (CCA)  modeling  are  given. 


ADMINISTRATIVE  INFORMATION 


This  report  was  prepared  under  the  sponsorship  of  the  Naval  Ship 
Engineering  Center  {NAVSEC),  Code  6174,  Work  Request  Numbers  WR75240, 
WR81537.  and  WR92518.  It  Is  Identified  by  Work  Unit  Numbers  1-1568*864, 
1-1568-895,  and  1-1568-812  at  the  David  W.  Taylor  Naval  Ship  Research  and 
Development  Center  (OTNSRDC). 

INTRODUCTION 

The  naval  combatant  Is  designed  essentially  by  conducting  a  series  of 
nearly  Independent,  and  sometimes  even  sequential,  designs  of  the  major 
subsystems  of  the  total  ship.  Typically,  the  design  of  the  weapons  and 
other  major  combat  systems  Is  initiated  14  years  before  the  final  ship  Is 
Introduced  tc  the  fleet.  Seven  years  before  fleet  Introduction,  the  hull 
design  as  well  as  the  hull/wetpons  Interface  are  Initiated.  The  lack  of 
sufficient  quantitative  Interface  between  the  design  of  each  major  ship 
subsystem  (including  the  hull  end  the  combat  systems)  has  been  recognized, 
and  a  project  to  develop  the  need-d  Combatant  Capability  Assessment  (CCA) 
tools  was  Initiated  In  1976  under  the  technical  leadership  of  NAVSEC  6174. 

The  Initial  Impact  of  the  CCA  project  will  hopefully  be  to  provide 
the  combat  subsystem  designer  with  the  necessary  elements  for  building  a 
rational  procedure  to  design  his  particular  subsystem.  With  such  tools, 
the  designer  will  find  It  possible  to  Include  the  effects  of  hull  dynamics 
as  well  as  occurring  and  consistent  natural  and  threat  environments  In  his 
modeling  of  the  combat  subsystems.  Additionally,  the  performance  of  the 
total  ship  can  be  assessed  a  priori  to  construction  and  Introduction  to  the 
fleet.  In  the  long  run,  the  project  may  provide  the  naval  ship  design 
community  with  the  groundwork  for  a  more  Integrated  ship  subsystem  design 
process.  For  example,  It  Is  not  beyond  the  Imagination  to  conceive  of 
hull,  xrmunlcatlon,  detection,  missile  launching,  gunfire  control,  etc. 
subsystem  designs  that  essentially  complement,  rather  than  restrict,  each 
other  from  early  concept  through  contract  design  studies. 

The  "Atlas  of  Naval  Operational  Environments"  or  the  "Ship  Designers 
Atlas,"  as  it  Is  sometimes  called,  Is  one  product  of  the  project.  The 
operational  environments  are  divided  Into  essentially  two,  though  not 
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totally  Independent,  categories.  The  threat  environments  are  currently 
under  development  by  PRESEARCH,  Inc.,  which  Is  also  responsible  for  devel¬ 
oping  the  overall  structure  of  the  Atlas.  The  natural  environments  ere 
being  developed  by  OTNSROC  and  are  presented  In  this  report  for  later 
Incorporation  Into  the  Atlas. 

Atmospheric  and  surface  data  for  nine  "hot  spots"  throughout  the  world 
are  given  In  this  report.  Subsurface  data,  essential  to  antisubmarine 
warfare  considerations,  will  be  treated  In  a  later  document.  Additionally, 
data  for  at  least  seven  other  "hot  spots,"  located  primarily  In  the  open 
ocean,  will  be  provided  In  a  subsequent  report. 

NINE  OPERATIONAL  AREAS 

Figure  1  and  Table  I  Indicate  the  nine  global  locations  considered  to 
be  potentially  critical  naval  operational  areas  during  the  rest  of  this 
century.  The  locations  were  selected  by  NAVSEC  6174  and  PRESEARCH,  Inc. 

The  locations  are  essentially  coastal,  as  opposed  to  open  ocean, 
which,  from  the  viewpoint  of  the  natural  environment,  means  a  great  deal 
of  historical  data  Is  available.  The  primary  data  source  of  the  reported 
atmospheric  and  subsurface  data  Is  the  Naval  Weather  Service  Detachment 
at  the  National  Climatic  Center  In  Asheville,  North  Carolina.  Various 
publications  of  historic  data  have  been  used  to  construct  much  of  the  data 
of  this  report  and  are  referenced  as  the  data  Is  presented. 


PARAMETER  IDENTIFICATION 

The  natural  environment  parameters  which  Influence  ship  operations 
and  are  hence  Important  to  the  ship  designer  are  not  always  easy  to  Iden¬ 
tify.  By  far,  the  most  well-known  environmental  sensitivity  of  the  ship  Is 
that  related  to  the  wave  action.  However,  It  Is  also  obvious  that  the  wind 
Is  relevant.  And  further,  such  atmospheric  qualities  as  humidity,  cloud 
cover,  and  visibility  are  known  to  affect  the  behavior  of  certain  combat 
systems  as  well  as  tactical  decision  making. 

Table  2  has  been  prepared  to  provide  a  general  guide  as  to  which 
natural  environment  parameters  are  Important  to  ship  performance.  The 
table  was  derived  In  consultation  with  various  NAVSEC  6174,  DTNSRDC, 

*A  preliminary  draft  report  was  first  provided  to  the  sponsor  and  the 
rest  of  the  CCA  cownunlty  In  April  1978.  This  report  supersedes  the  earlier 
draft  which  should  now  be  discarded. 
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Rockwell,*  and  Atlantic  Research*  personnel  and  Is  Intended  only  as  a 
generic  description  of  ship  mission  dependence  on  natural  environment. 

As  the  sensitivity  of  ship  subsystem  performance  with  regard  to  all 
natural  environment  parameters  Is  not  well-known,  It  was  decided  to  pro¬ 
ceed  Initially  by  collecting  as  much  data  as  possible  for  each  parameter  for 
each  of  the  nine  locations  previously  Identified.  It  was  assumed  that  the  ship 
designer  would  somehow  be  able  to  select  appropriate  parameter  occurrences  for 
ship  performance  assessment  purposes,  a  conservative  though  perhaps  not  Irration¬ 
al  assumption.  The  selection  of  appropriate  parameter  occurrences  Is  discussed 
In  a  subsequent  section  of  the  report  entitled  Guidelines  for  the  Modeler. 

DATA  PRESENTATION 

The  surface  natural  environment  data  for  the  nine  locations  are  pre¬ 
sented  In  Appendices  A  through  I.  The  alphabetic  designation  of  each 
appendix  corresponds  to  t;tat  given  In  Figure  1  and  Table  1  for  each  loca¬ 
tion.  Each  appendix  Is  divided  Into  two  sections.  The  first  gives  a 
narrative  overview  of  the  general  climatology  about  the  location.  Seasonal 
and  annual  occurrences  are  noted  as  well  as  any  unusual  local  phenomena. 

The  second  section  provides  the  actual  data  distributions  for  natural 
environment  parameters  for  the  season  (month)  selected  as  the  "worst"  at 
that  particular  location.**  The  worst  months  have  been  determined  by 
analysis  of  the  historical  data  for  the  sea  surface  (wave  height)  and  wind 
parameters  and  are  listed  In  Table  3- 

Appendix  J  provides  the  outline  or  order  of  the  data  types  presented 
In  the  second  sections  of  each  of  Appendices  A  through  1.  A  brief  de¬ 
scription  of  how  to  read  each  figure  Is  also  given.  In  some  cases,  a 
particular  data  distribution  type  was  not  available  (or  there  was  Insuf¬ 
ficient  data)  for  a  given  location.  These  cases  are  noted  as  they  occur 
In  Appendices  A  through  I. 

As  locations  A  and  B  are  relatively  similar  In  overall  climatology 
(due  to  their  geographic  proximity),  the  narratives  for  the  two  have  been 
combined  and  the  resulting  one  appears  In  Appendix  A. 

*NAV$EC  617**  contractors  for  CCA  modeling. 

**Data  for  other  seasons  (months)  are  available  from  the  References. 
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Appendix  K  provides  date  for  electromagnetic  phenomena  for  locations 
A  through  1.  Unfortunately,  very  little  data,  as  compared  to  that  for  the 
other  parameters,  was  found  for  these  phenomena.  That  which  has  been 
found  Is  on  a  global -contour  basis  and  by  representative  months  of  various 
seasons. 

Appendix  L  provides  miscellaneous  properties  not  Included  In  Appen¬ 
dices  A  through  1.  These  Include  dayl tght/darkness  and  depth  of  wave 
action  graphs  as  well  as  a  chart  of  expected  survival  time  in  cold  water. 

Also  a  sea  state  chart,  developed  for  the  winter  North  Atlantic  (40  -  60°N) 
extracted  from  another  report*  and  commonly  used  In  ship  design  support 
studies  (Top  Level  Requirement/Specification  (TLR/TLS)  development),  has 
been  Included.  An  expression  Is  also  given  for  the  wind  gradient  as  a 
function  of  elevation  above  the  sea  surface. 

It  should  be  noted  that  the  wave  heights  presented  In  Appendices  A 
through  I  are  visually  observed  heights  which  have  been  extracted  from  the 
Navy's  historical  data  base  of  synoptic  meteorological  and  oceanographic 
parameters.  These  heights  can  be  converted  to  significant  values  using 
the  Nordenstrixn  relationship  provided  In  Appendix  J.  It  Is  customary  to 
use  the  significant  value  (average  of  one-third  highest  double  amplitudes) 
when  referring  to  the  severity  of  the  sea  by  the  sea  state  chart  given  In 
Appendix  L. 

EXTREME  VALUES 

As  Implied  earlier  in  the  report,  the  nine  operational  areas  to  be 
Included  In  the  Atlas  of  Navel  Operational  Environments  were  selected 
almost  exclusively  from  the  system  analyst's  point  of  view.  That  Is,  the 
locations  are  the  ones  considered  the  most  likely  spots  at  which  U.  S. 
naval  forces  could  be  engaged  In  combat  operations  during  the  rest  of  this 
century.  The  Initial  (and  primary)  purpose  of  the  Atlas  Is  to  provide  the 
ship  designer  with  the  necessary  tools  to  conduct  rational  Combatant  Capability 
Assessments.  Thus,  It  Is  with  merit  that  the  nine  areas  were  selected 
based  on  careful  study  of  the  near-term  world  political,  tactical,  and 


♦Bales,  S.L.,  "Sea  Environment  Manual  for  Ship  Design,"  Report  DTNSRDC/ 
SPD-0720-01  (to  be  published  In  1979). 
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strategic  climate  from  the  viewpoint  o*  the  U.  S.  as  a  world  power  and  the 
defense  of  Its  allies. 

It  is  relevant  to  note,  however,  that  crlttcal  values  of  the  proper* 
ties  of  the  natural  environment  are  not  necessarily  achieved  at  each  of 
the  nine  locations.  Further,  it  Is  possible  that  Important  occurrences 
that  occur  elsewhere  in  the  world  ocean  are  never  encountered  at  any  of 
the  nine  locations.  One  such  example  of  this  would  be  the  long  swells 
which  occur  In  the  open  ocean  due  largely  to  great  fetch  lengths  and 
distant  storms.  The  long  swells  can  induce  severe  rolling  In  larger  ships 
such  as  the  typical  aircraft  carrier. 

A  brief  side  Investigation  has  been  conducted,  therefore,  to  appraise 
the  quality  of  the  extreme  cases  of  the  surface  and  atmospheric  natural 
environment  parameters  reported  herein.  The  Investigation  Is  broken  Into 
two  parts: 

a.  Examine  probabilities  of  occurrence  for  selected  natural  en¬ 
vironment  parameters  at  each  location.  Compare  values  for 
each  of  nine  locations.  Identify  locatlon(s)  which  optimizes 
the  occurrence  of  more  severe  parameter  values. 

b.  Postulate  other  operational  areas,  perhaps  In  the  open  ocean, 
that  may  optimize  severe  occurrences.  Compare  with  results 
of  part  a. 

Before  discussing  the  results  of  this  investigation  some  comments 
regarding  the  quality  of  the  data  are  in  order.  The  data  examined  are  for 
the  worst  seasons  at  each  location  as  presented  in  Appendices  A  through  I. 
Unfortunately  some  parameters  may  not  be  well  represented,  especially  at 
the  extremes,  by  the  distributions  currently  available.  Two  important 
parameter  types  In  this  category  are  those  dealing  with  winds  and  waves. 

The  difficulty  arises  due  to  the  Inherent  fair  weather  bias  In  the  data. 

The  data  Is  developed  from  shipboard  observations,  and  ships  generally  try 
to  avoid  areas  of  severe  weather.  Thus,  observed  extremes  are  reported 
somewhat  less  often  then  they  occur.  This  fact,  combined  with  the  low 
probability  of  occurrence  for  extreme  values,  leads  to  e  dubious  sample 
size. 

The  side  investigation  was  conducted  in  spite  of  the  Inherent  problems 
with  the  date  sources  In  regards  to  extreme  values.  Table  provides  the 
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results  of  a  ranking  process  apolted  to  the  worst  season  nature)  environ¬ 
ments  (surface  and  atmospheric)  at  Locations  A  to  I .  Table  5*  provides 
the  criteria  by  which  the  environmental  parameters  of  each  location  were 

‘ 

ranked  on  Table  k.  For  example,  If  the  highest  5  percent  of  all  wave  height 
observations  are  less  than  10  feet,  the  ranking  assigned  is  benign  or 
number  1.  If  the  highest  5  percent  of  the  observations  are  between  10  and 
18  feet,  the  ranking  assigned  Is  moderate  or  number  2.  For  locations  with 
the  highest  5  percent  of  the  observations  exceeding  18  feet,  a  ranking  of 
3  or  severe  has  been  applied.  The  rankings  listed  In  Table  5  were  selected 
such  that  the  locations  of  Table  k  fell  Into  categories  ranging  from  benign 
to  severe,  with  the  possible  exception  of  superstructure  Icing  where  the 
criteria  used  were  the  same  as  defined  for  Figure  13  of  Appendices  A  through 
I.  The  rankings  applied  to  the  locations  have  merit  only  when  viewed 
relative  to  each  other  and  thus  the  rankings  do  not  necessarily  represent 
a  worldwide  climatic  ranking  or  Indicate  degradation  to  ship  mission 
capabilities.  For  Instance,  a  ranking  of  severe  has  been  applied  to 
locations  where  10  percent  or  more  of  the  low  temperature  observations 
during  the  worst  month  are  less  than  32  degrees  Fahrenheit.  A  low  tempera¬ 
ture  of  32  degrees  Fahrenheit  during  a  cold  season  month  may.  In  fact,  be 
quite  benign  for  some  world  locations  and  may  have  little  effect  upon  a 
given  ship  mission.  This  ranking  for  low  temperature  (as  well  as  the 
other  environment  parameters  of  Table  k)  Is  Intended  to  be  viewed  relative 
to  the  other  locations  listed  on  Table  4  only. 

Examining  Table  k  for  Locations  A  to  I  of  the  Atlas,  several  conclu¬ 
sions  can  be  drawn  concerning  environmental  extremes  during  the  worst  j 

months.  It  Is  dear  that  the  most  severe  wind  and  wave  environments  are  j 

associated  with  Locations  A,  B,  and  G.  Although  the  worst  months  selected 
for  each  of  the  locations  generally  are  during  the  cold  weather  season,  a 
warmer  environment  is  Indicated  for  Location  E  with  F,  H,  and  I  also  Indi¬ 
cating  warmer  temperatures.  These  warmer  climate  locations  seem  to  be 
associated  with  more  benign  wind  and  wave  environments.  Air  temperatures 
seem  to  be  lowest  for  Locations  0  and  G  with  A  and  B  also  Indicating  lower 

^Because  the  data  reported  herein  was  developed  as  long  ago  as  1976, 
and  In  keeping  with  the  sponsor's  wishes  at  the  time,  metric  units  have 
not  been  used  In  this  report. 
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air  'temperatures.  Conversely,  these  colder  locations  seem  to  be  assoc!* 
a ted  with  more  severe  wind  and  wave  environments,  although  location  0 
Indicates  moderate  wind  and  wave  conditions  (predominating  winds  are  from 
the  land  direction  resulting  In  limited  fetch).  Larger  amounts  of  precipi¬ 
tation  do  not  seem  to  be  directly  associated  with  any  of  the  other  environ¬ 
mental  parameter  extremes  Including  cloud  cover.  Low  sea  level  pressure 
is  generally  associated  with  heavy  weather  phenomena  and  Table  4  shows 
Locations  A  and  G  exhibiting  severe  low  pressure  values.  Locations  A  and 
G  are,  as  previously  mentioned,  classified  as  severe  wind  and  wave  environ¬ 
ments  on  Table  It.  High  sea  level  pressure  is  generally  essociated  with 
fair  weather  and  It  Is  therefore  somewhat  contradictory  to  find  Location  B 
classified  as  severe  high  pressure,  since  Location  B  Is  also  classified 
as  a  severe  wind  and  wave  environment.  Location  B  Is,  however,  classified 
as  moderate  for  low  sea  level  pressure.  This  anomaly  Is  due  In  part  to 
the  Inherent  subjectivity  In  the  ranking  criteria  Identified  in  Table  5» 

Considering  the  overall  environment  as  characterized  by  all  the 
parameters  of  Table  4,  the  most  severe  environment  seems  to  be  Location  G. 
Locations  A  and  B  are  also  severe,  although  they  are  somewhat  less  severe 
than  Location  G. 

In  addition  to  the  nine  locations  of  the  Atlas,  Table  4  also  provides 
rankings  for  two  open-ocean  areas.  Location  J  (at  50*N,  I45*W)  Is  In  the 
North  Pacific  near  the  Gulf  of  Alaska  and  Location  K  (at  48*N,  30*W)  Is 
In  the  middle  North  Atlantic  along  a  major  New  York  to  London  shipping 
route.  Upon  examination  of  the  data  (References  1  and  2) ,*  January  was 
found  to  be  the  worst  month  for  both  locations.  Of  these  two  locations, 
Location  J  seems  to  have  the  most  severe  climate  and  Indeed  compares  to 
the  severity  of  Location  G.  From  the  rankings  of  Table  4  and  examination 
of  the  data  (References  1  and  5),  It  Is  not  possible  to  reliably  ascertain 
which  Location  (G  or  J)  has  the  most  severe  environment.  Location  J  data 
Indicated  no  Increase  In  the  probability  of  long  wave  periods  when  compered 
to  Location  G,  even  though  Location  G  Is  sheltered  to  the  north  by  the 
Aleutians. 

*A  complete  listing  of  references  Is  given  on  pages  14  and  15. 


In  summary,  the  major  environmental  parameters  for  the  locations  of 
the  Atlas  (A  through  I)  were  compared  and  Location  G  was  Identified  as  the 
more  severe  environment.  Locations  A  and  E>  were  also  noted  for  severe 
environments.  Examination  of  two  open-ocean  locations  (J  and  K)  did  not 
lead  to  the  discovery  of  a  more  severe  environment;  however,  the  joint 
occurrences  of  different  environmental  parameters  was  seen  to  vary  some¬ 
what.  Within  the  context  of  near-term  combat  assessment  models  as  well  as 
existing  natural  environment  data  bases,  the  nine  locations  In  the  current 
Atlas  may  adequately  cover  the  natural  environments  In  which  naval  ships 
are  expected  to  operate.  However,  ongoing  work  to  develop  Improved  wind 
and  wave  climatological  data  bases  Indicates  that  some  phenomena  (such  as 
extreme  values,  persistence  or  duration  of  events,  etc.)  may  not  be 
adequately  described  In  the  current  work.  As  Improved  natural  environment 
Information  becomes  available,  the  representativeness  of  the  geographic 
coverage  of  this  Atlas  should  be  reviewed  and  modified  as  necessary. 

GUIDELINES  FOR  THE  MODELER 

All  naval  combatants  must  operate  In  at  least  one  of  three  regions, 
for  example, 

a.  below  the  surface  of  the  sea 

b.  at  the  Interface  of  the  sea  surface  and  the  atmosphere 

c.  above  the  sea  (In  the  atmosphere) 

In  order  to  design  and  model  some  combat  systems,  it  may  be  necessary  to 
consider  at  least  two  of  these  regions  simultaneously.  Were  multidimen¬ 
sional  distributions  of  all  of  the  environmental  parameters  presented  In 
the  appendices  available,  the  modeler's  task  of  selecting  consistent* 
environments  might  prove  easier  (If  he  could  manage  such  an  enormous  data 
array).  At  present,  In  some  cases,  It  Is  difficult  to  model  different 
parameters  In  the  same  region  much  less  to  consider  a  second  region  as  may 
be  required  by  combat  systems  designers. 
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By  consistent  Is  meant  the  fact  that  the  values  selected  for  various 
different  environmental  parameters  could  In  reality  co-occur.  An  example 
of  an  Inconsistent  environment  Is  one  In  which  It  Is  snowing  while  the  air 
temperature  Is  90*F. 
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The  most  rigorously  modeled  nature  1  environment  parameters  at  present  . 

are  those  needed  to  design  the  hull,  for  example  wave  height,  wave  period, 
and  wave  direction.  The  state-of-the-art  In  seaway  modeling,  as  applied 
to  navel  ship  design  practice,  Is  provided  In  another  report.*  As  a  practi¬ 
cality,  three  approaches  ere  suggested  for  Inclusion  of  ell  environmental 
parameters  In  ship  design.  ^ 

APPROACH  1  ( 

Identify  critical  environmental  parameters  for  the  specific  combat 
subsystem.  Model  each  In  turn  (or  simultaneously  If  possible)  for  spec!-  { 

fled  occurrences  (e.g.,  most  probable  values). 

I 

APPROACH  2 

Identify  critical  environmental  parameters  (wave  height  end  period)  j 

for  hull  responses.  Using  wind  direction  as  the  common  parameter,  select 
other  probable  values  of  wind  speed,  visibility  and  celling  height,  air  | 

temperature,  precipitation,  and  fog.  For  example,  for  a  given  wave  period, 
select  the  most  probable  wave  height  (Figure  If).**  For  that  wave  height, 
select  the  most  probable  wind  direction  (Figure  1c)  and  the  most  probable 
wind  speed  (Figure  2a).  For  that  wind  direction,  select  the  most  probable 
visibility  range  (Figure  3c)  (end  from  that  celling  height  (Figure  3d)),  \ 

air  temperature  (Figure  6c),  precipitation  occurrence  (Figures  7b  and  7c), 
and  fog  occurrence  (Figure  10a).***  * 

APPROACH  3  f 

Using  time  of  dey  as  a  common  factor,  select  most  probable  values  for 
wind  direction  (Figure  2c),  wind  speed  (Figures  2d  and  2f) ,  visibility  | 

(Figure  3b),  good  cloud  condition  occurrence  (Figure  5c),  air  temperature 
(Figure  6b),  relative  humidity  (Figure  6f ) ,  precipitation  occurrence  ■ 

*Bales,  S.L.,  "See  Environment  Manual,"  Report  0THSR0C/SP0-0720-01  ( 

(to  be  published  In  1979). 

**Flgure  numbers  ere  of  data  graphs  given  In  Appendices  A  through  I. 

/ 

***Though  most  probable  values  were  used  In  this  example,  more  or  ' 

less  rare  occurrences  could  likewise  be  used. 
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(Figure  7c).  and  celling  height  (Figure  9b).  From  the  values  selected  for 
wind  direction  or  wind  speed,  the  wave  height  and  thence  period  values  can 
thence  be  determined. 

COMMENTS 

Obviously,  each  of  the  three  suggested  approaches  produces  potentially 
Inconsistent  environments.  However,  the  limits  of  marine  environment  date 
bases  currently  available  permits  only  e  few  options  to  the  modeler  for 
describing  a  total  marine  environment.  The  use  of  Monte  Carlo  techniques 
Is  also  a  possible  approach,  however,  for  design  purposes,  this  could 
produce  misleading  results.  For  example,  the  llkelthood  of  never  selecting 
the  "worst,"  but  realistic  combination  of  critical  values  Is  rather  high. 

Further,  the  use  of  any  one  of  the  three  approaches  could  provide  poten¬ 
tially  conservative  results  If  it  Is  assumed  that  all  parameters  can  co¬ 
occur  at  the  levels  (most  probable)  selected.  The  use  of  most  probable 
values  has  been  suggested  but  mean  or  extreme  values  could  likewise  be 
chosen. 

As  a  further  guide  for  the  modeler,  Tables  6  through  14  are  provided. 

These  tables  summarize  the  data  In  Appendices  A  through  I  respectively, 
by  listing  mean,  median,  most  probable  and  boundary  values  for  the  various  environ¬ 
mental  parameters.  Where  possible,  boundary  values  are  given  In  Hln,  Max 
values;  95  percent  of  all  observed  natural  environment  values  exceed  Min 
values,  5  percent  of  all  observed  natural  environment  values  exceed  Max 
values.  Thus,  9C  percent  of  all  values  fall  within  the  Min,  Max  range. 

The  mean  Is  the  average  of  all  values  while  the  most  probable  Is  the  one 
which  occurs  most  often.  Together,  these  two  parameters  provide  an  Idea 
of  the  "shape"  of  the  distribution  of  occurrences.  For  example,  If  the 
most  probable  value  Is  less  than  the  mean,  the  distribution  of  occurrences 
Is  skewed  to  the  lower  values.  If  the  most  probable  value  Is  greater  than 
the  mean,  the  distribution  of  ell  occurrences  Is  skewed  to  the  higher 
values.  If  the  most  probable  and  mean  values  coincide,  the  distribution 
cf  occurrences  may  be  of  the  normal  type. 

Though  It  Is  beyond  the  scope  of  the  current  work  to  develop  an 
algorithm  for  simultaneous  sampling  of  the  natural  environment  parameters, 
a  few  general  rules  of  thumb  are  offered  as  an  aid  to  the  modeler.  These 
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guidelines  ere  generally  derived  by  simple  common  sense  end  cen  be  used  to 
evold  the  specification  of  physically  unrealizable  situations.  Upon 
selection  of  a  set  of  values  for  the  critical  environmental  parameters, 
these  guidelines  can  be  used  to  assess  the  viability  of  the  total  data 
set : 

1.  Winds  from  the  north  are  accompanied  by  colder  temperatures, 
while  winds  from  the  south  are  accompanied  by  warmer  temperatures. 

2.  Locally  generated  waves  generally  propagate  In  the  direction  of 
the  wind.  Swell  waves  may  propagate  Into  the  local  area  from 
any  distant  storm  area. 

3.  Longer  period  waves  {>  13  seconds)  will  propagate  Into  a  local 
area  from  open-ocean,  rather  than  coastal,  directions. 

It.  Waves  are  dependent  upon  wind  speed,  wind  duration,  and  fetch. 
Therefore,  higher  waves  Indicate  persistent,  high  winds  blowing 
over  distances  of  100  nautical  miles  or  more. 

5.  Poor  visibility  ts  frequently  accompanied  by  cloudiness  and 
precipitation. 

6.  High  relative  humidities,  >,90  percent,  as  well  as  sea  surface 
temperatures  In  excess  of  the  air  temperature,  may  accompany  fog. 

7.  High  winds  are  not  accompanied  by  fog. 

8.  Generally,  solid  precipitation  falls  when  the  air  temperature  Is 
<  32*F. 

9.  Lower  atmospheric  pressures,  <_  1000  millibars,  are  accompanied  by 
lower  air  temperatures,  higher  wind  speeds,  and  greater  likelihood 
of  precipitation. 


FUTURE  WORK 

This  report  Is  by  no  means  conclusive  on  the  subject  of  natural 
environments  for  Inclusion  In  the  Atlas  of  Naval  Operational  Environments. 
Several  areas  which  require  further  attention  are 

a.  Definition  of  rain  r&te  and  rain  drop  size  for  precipitation 
at  sea 

b.  Persistence  (duration)  of  critical  levels  of  occurrence 

c.  Procedures  for  developing  consistent  "total"  environments 
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d.  Improved  data  for  electromagnetic  properties 

e.  Parameter  Identification  and  data  distributions  for  subsurface 
properties 

f.  Modification  of  Included  data  as  Improved  climatological  data 
bases  become  available 

g.  Expansion  of  global  coverage  If  new  data  Indicate  current  loca- 
tlons  overlook  some  Important  phenomena 

It  Is  expected  that  each  of  these  Items  will  be  addressed  during  Fiscal 
Years  1979  and  1980  and  that  other  reports  will  be  published  as  results 
become  available. 

It  Is  anticipated  that  the  Atlas  will  eventually  be  sufficiently 
complete  and  credible  to  support  all  phases  of  the  ship  destgn/acquisltlon 
process.  For  example,  the  Atlas  will  ultimately  provide  a  consistent  base¬ 
line  for  defining  requirements,  developing  specifications,  and  conducting 
validations  of  the  entire  ship  system.  Thus,  the  Atlas  Is  envisioned  to 
provide  direct  support  to  the  development  of  required  deslgn/acqulsltlon 
documentation  such  as  the  Mission  Element  Need  Statement  (MENS),  Operational 
Requirements  (OR),  Top  Level  Requirements  (TLR) ,  Development  Proposal  (DP), 
Top  Level  Specifications  (TLS) ,  and  Test  and  Evaluation  Master  Plan  (TEMP). 
Therefore,  an  additional  Item  of  future  work  is  the  construction  of  an  Atlas 
format  which  Is  readily  applicable  to  both  synthesis  and  analysis  of  ship 
performance  parameters. 
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Location  10 


TABLE  I  -  OPERATIONAL  AREA  IDENTIFICATION 


Longitude,  Latitude 


63*N,  2°W 


9°30'N,  16’0'W 


50*N ,  i«0#W 


20"A5'  ’  21 ®50'N, 
80°  -  86®W 


0°N ,  I06°E 


Descr I pt Ion 


Northern  Northeast 
Atlantic  (off  Norway) 


Northern  North  Atlantic 
(off  Scotland) 


Eastern  Mediterranean 
(off  Cyprus) 


Japan  Sea 
(off  Korea) 


Gulf  of  Aden 
(off  Saudi  Arabia) 


Southeastern  North 
Atlantic  (off  Guinea) 


North  Pacific 
(off  the  Aleutians) 


Caribbean 
(off  Cuba) 


Strait  of  Malacca 
(off  Singapore) 


NATURAL  ENVIRONMENT  VERSUS  S 


Influenced  by  any  environmental  parameter 


OF  SEVEREST  WAVE/WIND  CONDITIONS 

Severest  Month 
(Wave/Wind  Conditions) 

February 

_ February _ 

January 
December 
July 
August 
February 
January 
January 


•1 


Location 


Sea  Height 


Long  Wave  Periods 


Mean  Wind  Speed 


Maximum  Wind  Speed 


Low  Air  Temperature 


High  Air  Temperature 


Poor  Visibility 


Cloud  Cover 


Precipitation 


High  Humidity 


Fog  _ 


Superstructure  Icln 


Low  Pressure 


High  Pressure 


Thunderstorms 


Ducting 


1  »  Benign 


*No  data  available. 


2  ■  Moderate 


3 

2 

3 

2 

3 

3 

2 

2 

3  •  Severe 


+The  data  for  these  locations  were  rounded  to  the  nearest  percent  making 
an  exact  determination  of  the  percentage  difficult  and  thus  the  rankings 
are  somewhat  less  reliable. 


[t] 


'i 


1! 

\  ' 


£  I  u 

I  V  I  ac  V 

ro  >  I  •*-  •" 

I  V  I 

VI  I  CO  <*> 


O  O  O 

2  S  S  5  U.  U. 
£  2,  8  5.  »  fc 

a|  a|  a  a  I  V  A 


<0  « 
m  ac  ac 

ac  «  CD 

(0  ^  *0 

4_  «A-  X  X 

>4_  o  o  no  x 

°  *9 '  d*  Of  4f 

K?sn 

A  A  A  V  A 


CD  "D 

CD  X  ,  *~ 

X  »k  * 

O  O  £ 

O  <A  <A 

I  s  s  s 

V  A  Al  O 


l  f 


AJ  4*1  TV 

II  10  O  •&  5 

a.  j{  5  5  ?■  f-  o  g  g  gljflo  K 

^  M  g  J  S  SI  W  S  °  ®  |& \f*  |« 

2  2  o  Jr  cm  ©  i  o  o  o|$|j  I; 

A I  A I  --  tr\  m  5  A"!  cm  —  »P 


&  - 


0  £ 

x  el 

S  S 

2  7 

I  o 
m  cm 

$  s 


A  lo 


7  SI  ^  S 


g  |«t-  oox|x<4- 

5  u.  u.  I  o  I  o 

^  Q  9  °  O  o  o  « 

5  OO  |fA  CM  ^  ^  |  (A 

v|a  vlv  v  v  a  I  v  v 


«o  <o 

fl  V  V 

wen 

fl  T)  O 


V  v  V 


»v  —  _  _ 

4->  t-  •  £ 

-S  -g  CD  ®  ^  S 

5  3  v,  x  x  S>  X 

~  °  *  §  S  00  c 


o  U  L  §  2 1*5, 1 


A  I  V  I  vllo 


!■  *  a 


co 

CO  AC 

AC  CO  <A 

<0  "O  « 

■9  — 

a  co  •  .  s 

AC  AC  A  »A-  O  X 

m  *  *  «  0 _ -9 

«  o  •  i; 


CD  co  « 

■o  to  £ 

A  U_  "O 

O  o  * 

t>  «>  5 


10  co 

AC  AC 

to  co 

o  -o 


S  2  *  lb  8  t  i \t 


O*  **  0  *♦ 

IA  (A  "■ 

x  x  n  x 

nn 


AC  V*  —  .  T  S? 

3  £  t.  V.  I.  k  C 

«  o  k  O  O  U  - 

X  9  3  ■» 

l0  O  &9  *?  o  C 

CM  o  o  o  u  • 

v  CD  O  **  •—  O  ot 


AC  tA  9  X  k 

IA  *)  *  O  k 

4>  X  X  9. 

I  W  ^  K 

0  —  <M  O 

_j  x  v  a>  o 


II 


i  ill 


*  ^  C* 


IhPRK 


v  a 
a.  It/i 


fSIISPi-S-i*  t  j  J  £  f 

Jhn.JstSxi  iSif  i 


:  |  H  .  i  *  i  inf 

;  |  "  i  {  S  5  3  S  3  X  S 


mm 


U  9  Vt  0 

3  VI  tA  AC 

k  ia  V  •« 

AC  «  k  k 

vi  k  a.  « 

u  a. 

v  X  c 

A.  1  Ot  9 


SURFACE  NATUAAl  ENVIRONMENT  FOR  LOCATION  A 


SURFACE  NATURAL  ENVIRONMENT  FOR  LOCATION  G 


*3uUdup  of  less  than  1/10-In.  per  hour  (derived  from  observations  with  temperature 


PART  I.  GENERAL  MARINE  CLIMATOLOGY  OF  THE  NORTHEASTERN 
ATLANTIC:  *3°N,  2*W  (OFF  NORWAY)  AND 
58°N,  12°W  (OFF  SCOTLAND) 


1.  A  general  climatology  for  two  locations  In  the  northeast  Atlantic  Is 
developed.  Location  A  Is  taken  to  be  at  63“N  -  2°W  and  Location  B  at 
58°N  -  I2CW,  see  Figure  A-l.  The  two  locations  are  considered  Important 
to  U.S.  Navy  operations  from  the  viewpoint  of  the  possible  occurrence  of 

a  high  Intensity  U.S.  -  Soviet  naval  conflict  In  those  waters.  As  the  two 
open-ocean  areas  are  only  1(20  nautical  miles  apart,  distinctions  will  only 
be  made  between  the  two  when  a  difference  In  the  frequency  of  occurrence 
of  some  environmental  parameter  occurs.  The  prime  data  source  for  this 
general  climatology  Is  Reference  2.  Some  data  are  derived  from  References 
3  and  A. 

2.  The  ocean  currents  and  the  Icelandic  Low  are  the  major  factors  whose 
Interaction  helps  determine  the  climatic  pattern  for  the  northeast  Atlantic 
from  Greenland  to  the  British  Isles  and  Norway. 

Ocean  Currents  can  provide  significant  Influences  on  the  climate  of 
the  surrounding  area  In  the  form  of  temperature,  concentration  and  migra¬ 
tion  of  ice,  and  the  general  habitability  of  the  region.  The  more  important 
North  Atlantic  Ocean  currents  have  a  circulation  pattern  which  coincides 
to  that  of  the  prevailing  winds.  The  mid-North  Atlantic  currents  have  a 
clockwise  flow  which  parallels  the  westerly  winds  to  the  north  and  the 
easterly  trade  winds  to  the  south.  In  the  northern  North  Atlantic,  which 
Is  the  area  of  greater  concsrn  to  this  climatology,  the  circulation  of  the 
currents  is  counterclockwise,  Is  centered  on  the  polar  front  zone,  and  Is 
Influenced  by  the  polar  easterlies  to  the  north  and  the  westerlies  to  the 
south. 

The  major  ocean  currents  of  concern  here  are  Illustrated  In  Figure  A-l. 
One  flows  to  the  west  of  the  British  Isles  where  It  forms  two  branches: 
a  northward  drift  which  brings  warming  waters  to  the  coast  of  Norway;  and 
a  secondary  current  which  passes  to  the  south  of  Iceland  then  turns  back 
southward.  This  current  develops  warm  characteristics  In  the  Gulf  of 
Mexico  and  near  the  V/est  Indies  and  continues  to  be  a  relatively  warm 
current  along  the  south  coast  of  Iceland  8nd  the  western  coasts  of  Norway 
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and  the  British  Isles.  The  other  Important  current  In  the  northern  North 
Atlantic  flows  from  the  northern  northeast  through  the  Denmark  Straits 
between  Greenland  and  Iceland  and  Is  relatively  cold  with  characteristics 
acquired  from  the  Arctic.  In  summary  then.  It  Is  the  former,  warmer 
current  which  Is  of  more  Importance  to  the  two  locations  of  Interest  In 
this  climatology. 

3*  The  Icelandic  Low  Is  the  dominating  pressure  system  Influencing  weather 
from  eastern  Canada  across  the  northern  Atlantic  to  Western  Europe.  The 
mean  sea  level  pressure  and  storm  tracks  over  the  area  for  February 
(winter).  Hay  (spring),  August  (summer),  and  November  (fall)  are  shown  In 
Figure  A-2.  It  Is  apparent  that  this  low  pressure  system  maintains  Its 
identity  and  strong  Influence  throughout  the  year.  Its  average  Intensity 
Is  greatest  during  December  and  January  and  weakest  from  April  through 
August,  and  It  appears  to  move  with  the  seasons  being  farther  north  during 
the  summer  and  farther  south  during  the  winter.  The  southward  migration  In 
winter  brings  an  Increase  In  frontal  activity  across  the  area.  The  wind 
velocities  and  state  of  the  sea  can  both  be  expected  to  be  higher  In  the 
winter  though  some  storm  activity  should  be  expected  year  round  for  both 
Location  A  and  Location  B.  .  Thunderstorms  may  occur  In  winter,  usually 
between  0300  and  1200  hours  GMT,  at  Location  A,  though  rarely  occur  In 
spring,  summer,  or  fall.  At  Location  B,  thunderstorms  may  occur  In  winter 
between  2100  and  1200  hours  GMT,  In  summer  between  2100  and  0600  hours  GMT, 
In  fall  at  any  time  of  day,  and  they  rarely  occur  In  spring.  The  most 
frequent  occurrence  of  thunderstorms  for  either  location  Is  In  the  fall  at 
Location  B  and  Is  less  than  0.5  percent  of  the  time. 

k.  Gale  force  winds  of  3**  knots  or  greater  occur  In  conjunction  with  the 
Intense  low  pressure  systems  and  hence  become  more  frequent  as  the  systems 
become  more  numerous  and  intense.  At  Location  6,  gales  may  occur  11  percent 
of  the  t'me  In  winter,  3  percent  In  spring,  2  percent  In  summer,  and  8  per¬ 
cent  In  fall.  During  the  winter  90  percent  of  all  gales  which  occur  last 
less  than  one  day  and  about  50  percent  of  them  will  be  followed  by  another 
In  less  than  a  day.  Gales  at  Location  A  occur  somewhat  less  frequently 
than  at  8,  though  when  they  do  occur  they  tend  to  last  a  few  hours  longer 
and  reoccur  at  slightly  longer  Intervals  than  those  at  B. 
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5.  The  mean  wave  height  accompanying  these  gales  Is  18  to  21  feet  at 
Location  A  regardless  of  season.  The  mean  wave  height  accompanying  the 
gales  at  Location  B  varies  from  11  to  24  feet  where  the  larger  mean  heights 
tend  to  occur  In  winter,  spring,  and  fall.  The  higher  mean  heights  at 
Location  B  are  apparently  due  to  higher  observed  gale  force  wind  speeds 
rather  than  the  duration  times  of  the  winds  themselves. 

6.  Generally,  sea  direction  coincides  with  wind  direction  which,  for  Lo¬ 
cation  A  Is  primarily  from  the  north-northeast  or  west-southwest  In  winter, 
the  north-northeast  In  spring,  the  north-northeast  or  south-southwest  In 
summer,  and  the  north  or  south-southwest-west  In  fall.  The  predominant 
directions  at  Location  B  are  the  south-southwest-west  In  winter,  the  north¬ 
east  through  southwest  in  spring,  the  southwest-west  In  summer,  and  the 
southwest  In  fall.  In  winter  and  fall,  at  Location  A,  IS  to  20  percent  of 
all  observed  wave  heights  exceed  12  feet,  while  In  summer  and  spring  less 
than  7  percent  exceed  12  feet,  see  Figure  A-3.  In  winter  and  fall,  at 
Location  B,  less  than  15  percent  of  all  observed  wave  heights  exceed  12 
feet,  while  In  spring  and  summer  less  than  3  percent  exceed  12  feet.  At 
Location  A  the  period  of  the  12-foot  waves  tends  to  be  9  seconds  or  less 
while  at  Location  B  It  tends  to  be  10  seconds  or  more.  Periods  up  to  20 
seconds  have  occasionally  been  observed.  In  winter  7  percent  and  In  fall 

4  percent  of  all  observed  waves  exceed  19  feet  at  Location  A.  At  Location 
B,  slightly  fewer  In  winter,  and  more  In  fall  exceed  19  feet  than  at 
Location  A.  Rarely  do  observed  waves  exceed  19  feet  In  spring  or  summer. 

In  winter  and  fall,  waves  exceeding  2b  feet  and  with  periods  of  13  seconds 
or  more  can  occur  at  either  location. 

7.  In  winter,  the  local  wind  generated  seas  at  Location  A  may  be  accom¬ 
panied  by  swells  about  15  percent  of  the  time,  and  which  are  generally  6 
feet  or  less,  and  from  the  southwest.  At  Location  B,  In  winter,  swells 
are  observed  from  a  wide  range  of  directions  over  35  percent  of  the  time 
and  more  than  18  percent  of  them  are  9  feet  or  greater.  In  general,  swells 
are  observed  throughout  the  year  at  both  locations  with  the  greatest  per¬ 
centage  occurrence,  though  of  perhaps  lower  heights,  In  summer. 

8.  The  frequency  of  precipitation  Increases  from  a  minimum  during  the 
spring  and  summer  to  a  maximum  In  the  fall  and  winter.  Frozen  precipita¬ 
tion  is  rare  during  the  spring  and  summer.  Liquid  precipitation  may  occur 
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In  any  month.  Ignoring  precipitation  type,  slight  Inti  isltles  or  rates  of 
fall  are  generally  twice  as  likely  as  moderate  to  heav  Intensities.  Con* 
sidering  drizzle  and  rain,  slight  Intensities  or  rates  are  more  likely 
regardless  of  season,  while  when  considering  showers  and  thunderstorms, 
the  rate  tends  to  be  moderate  to  heavy.  On  an  annual  basis,  the  overall 
amount  of  precipitation  Is  similar  for  both  locations  and  never  exceeds  19 
percent  frequency  of  occurrence. 

9.  The  oceanographic  area  between  Iceland  and  Scotland  has  sufficient 
vertical  mixing  associated  with  the  prevailing  winds  to  permit  relatively 
little  fog.  The  frequency  of  occurrence  at  Location  A  ranges  from  3  per* 
cent  In  winter  to  10  percent  in  summer  when  It  Is  usually  accompanied  by  a 
south  to  south-easterly  wind  and  seas  of  5  feet  or  less.  Similar  fog 
occurrences  exist  for  Station  8  but  with  a  somewhat  less  percent  frequency 
of  occurrence. 

10.  The  dally  mean  temperatures  for  Location  A  range  from  40*F  In  winter 
v  about  50®F  in  summer,  while  at  Location  T  the  monthly  means  are  up  to 
5  degrees  higher  than  at  Location  A.  During  the  winter,  subfreezing  tem¬ 
peratures,  accompanied  by  gale  force  winds  have  a  2  percent  frequency  of 
occurrence  at  Location  A  and  less  than  1  percent  at  Location  8,  while  the 
percentage  frequency  of  potential  moderate*  superstructure  Icing  Is  less 
than  1  percent  at  Location  A  and  virtually  nonexistent  at  Location  B. 
Severe**  superstructure  icing  Is  not  expected  to  occur  at  any  time  during 
the  year  at  either  location. 

11.  Icebergs  have  never  been  observed  at  either  Location  A  or  Location  B, 
however,  two  bergs  were  sighted  southeast  of  the  Faeroe  Islands  and  west  of 
the  Shetland  Islands  In  the  winter  of  I836,  and  a  large  piece  of  Ice  was 
sighted  to  the  west  of  the  Shetland  Islands  in  the  fall  of  1927* 

12.  The  sea  surface  temperature  has  a  mean  value  of  45*F  In  winter  and 
52*F  In  summer  at  Location  A  and  Is  several  degrees  higher  at  Location  B. 


♦Moderate  here  means  a  buildup  of  less  than  one-tenth  of  an  Inch  per 
hour  and  Is  derived  From  observations  with  temperature  less  than  or  equal 
to  28*f  and  wind  speed  greater  than  or  equal  to  13  knots. 

**$evere  here  means  a  buildup  of  one-tenth  of  an  Inch  or  more  per 
hour  and  is  derived  from  observations  when  temperature  Is  lets  than  or 
equal  to  16*F  and  wind  speed  Is  greater  then  or  equal  to  30  knots. 


In  winter  the  sea  surface  temperature  rarely  exceeds  50*F  at  Location  A 
and  56*F  at  Location  B.  In  summer,  60*F  Is  rarely  exceeded  at  Location  A 
and  65*F  Is  rarely  exceeded  at  B.  The  relative  humidity  at  Location  A  has 
a  dally  mean  value  of  about  85  percent  In  winter,  86  percent  In  spring,  88 
percent  In  summer,  and  82  percent  In  fall.  The  dally  means  at  Location  B 
are  3  to  5  percent  less  than  at  Location  A.  Fifty  percent  of  all  observed 
mean  sea  level  pressures  at  Location  A  are  less  than  1007*5  millibars  In 
winter,  1015  millibars  In  spring,  1010  millibars  In  summer,  and  1005  milli¬ 
bars  In  fall,  see  Figure  A-2.  At  Location  B,  the  mean  sea  level  pressure 
Is  somewhat  higher  than  at  Location  A  In  all  but  the  spring  when  It  Is 
slightly  lower. 

13.  During  the  winter,  the  observed  average  visibility  percent  frequency 
of  occurrence  at  Location  A  Is  20  percent  for  less  than  5  nautical  miles, 

6  percent  for  less  than  2  nautical  miles,  and  2  percent  for  less  than  1/2 
nautical  mile.  The  percentage  visibilities  at  Location  B  are  up  to  1/2 
the  values  at  Location  A.  In  general,  visibility  Is  somewhat  Improved  In 
summer,  however,  low  visibility,  e.g.,  less  than  50  yards,  occurs  Jointly 
with  a  low  celling  height,  e.g.,  less  than  150  feet.  In  13  percent  of 
observations  at  Location  A  and  3  percent  at  Location  B.  Irrespective  of 
season,  periods  of  visibility  of  less  than  2  nautical  miles  rarely  exceed 
one  day. 

1L.  The  maximum  number  of  hours  of  daylight  occurs  In  June  when  the  sun 
Is  above  the  horizon  about  20  hours  at  Location  A  and  18  hours  at  Location 
B.  The  minimum  number  of  hours  of  daylight,  5  hours  at  Location  A  and  8-'j 
at  Location  B,  occurs  In  late  December  and  early  January. 

The  water  depth  at  Location  A  Is  about  1000  fathoms  and  rises  to  500 
fathoms  to  the  south.  The  water  depth  at  Location  B  Is  also  1000  fathoms 
and  rises  to  500  fathoms  to  the  east. 

15.  In  summary,  a  general  climatology  for  Locations  A  and  B  Is  developed 
with  the  emphasis  being  placed  on  the  winter  season  which  Is  considered 
the  most  severe  from  the  viewpoint  of  operations  of  naval  surface  combat¬ 
ants.  The  overall  climatologies  of  the  two  Identified  locations  are  rathei 
similar  with  some  differences  In  percentage  occurrences  of  certain  environ¬ 
mental  parameters.  For  example,  at  Location  A,  one  might  expect  fewer 
thunderstorms,  fewer  occurrences  but  longer  time  durations  of  gale  force 

A-  6 


* 

winds,  more  concentrated  prevailing  winds  and  corresponding  wave  directions, 
higher  though  generally  shorter  (lower  period)  waves,  more  frequent  occur- 
*.•  rence  of  swell,  colder  surface  and  atmospheric  temperatures,  more  solid 

precipitation,  and  lower  overall  visibility. 
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Figure  A-2  -  Season*1  Mean  Sea  Level  Pressures  and  Storm  Tracks 
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PART  II.  WINTER  (FEBRUARY)  CLIMATOLOGY  OF  THE  NORTHERN  NORTHEAST 
ATLANTIC:  63*  N,  28w  (OFF  NORWAY) 

The  following  data  graphs  are  derived  primarily  from  Reference  2  for  the 
worst  wind/wave  season,  February.  Figure  A-lla  Is  adopted  from  Reference  3. 
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Figure  A-la  -  See  Height  by 
Wind  Direction 
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Figure  A“1f  -  Wave  Height 
and  Period 
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Figure  A-lg  -  Return  Periods 
for  High  Waves 
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Figure  A-2b  -  Return  Periods 
for  Maximum  Sustained  Winds 
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Figure  A-2c  -  Wind  Direction 
Diurnal  Variations 


Figure  A-2d  -  Wind  Speed 
Diurnal  Variation 
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Figure  A-6b  -  Air  Temperature 
Diurnal  Variation 


Figure  A-6c  -  Mean  Air  Temperature 
by  Wind  Direction 
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Figure  A-9*  -  Celling  Height 


Figure  A**9b  -  Celling  Height 
Diurnal  Variation 
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PART  I,  GENERAL  MARINE  CLIMATOLOGY  OF  THE  NORTHERN 
NORTH  ATLANTIC:  58*  n,  12\*  (OFF  SCOTLAND) 

See  Appendix  A,  page  A- 2. 


P  'l .  WINTER  (FEBRUARY)  CLIMATOLOGY  OF  THE  NORTHERN 
NORTH  ATLANTIC:  58°  N,  (OFF  SCOTLAND) 

The  following  data  graphs  are  derived  primarily  from  Reference  2  for 
the  worst  wind/wave  season,  February.  Figure  B-lla  Is  adopted  from  Reference 
3. 
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Figure  B-le  -  Swell  Height  - 
Cumulative  Distribution 


Figure  B-lf  -  Wave  Height 
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Figure  B-ig  -  Paturn  Pertods 
for  High  Waves 
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Figure  B-2a  -  Wind  Speed 
by  Direction 


Figure  8“2b  -  Return  Periods 
for  Maximum  Sustained  Winds 
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Figure  B-2c  -  Wind  Direction  - 
Diurnal  Variations 


Figure  B-2d  -  Wind  Speed 
Diurnal  Variation 
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Figure  B-2f  •  Wind  Speed 
Diurnal  Variation 
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Figure  B-3c  -  Visibility 
by  Wind  Direction 


Figure  B'3d  *  Low  Visibility 
and/or  Celling  Height 
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Figure  B-3a  -  Visibility  Persistence 
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Figure  B-5b  -  Hean  Cloud  Amount; 


Figure  B-5a  *  Cloud  Amounts 
Cumulative  Distribution 
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figure  B~5c  -  Good  Cloud  Condition* 
Oturnel  Variation 
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Figure  86a  -  Air  Temperature 
Cumulative  Distribution 
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Figure  B*6c  -  Mean  Air  Temperature 
by  Wind  Dl rectlon 
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Figure  B-8a  -  See  Level  Piessure 
Cumulative  Distribution 
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Figure  B-9a  -  Celling  Height 


Figure  B*9b  -  Celling  Height 
Diurnal  Variation 


APPENDIX  C 

MARINE  CLIMATOLOGY  OF  THE  EASTERN  MEDITERRANEAN: 
33*30 '  -  35*0'N,  29*30’  -  30*30’E  (OFF  CYPRUS) 


PART  1.  GENERAL  MARINE  CLIMATOLOGY  OF  THE  EASTERN 
MEDITERRANEAN:  33*30*  -  35*0%  29*30*  - 

30* 30 ' E  (OFF  CYPRUS) 

1.  A  general  climatology  for  the  oceanographic  area  defined  by  33*30*  to 
35*0'N  -  29*30*  to  30*30* E  Is  developed.  The  area  Is  denoted  as  Location 

C  on  Figure  C- 1  and  Is  considered  Important  to  U.S.  Navy  operations  because 
of  Its  proximity  to  Cyprus  as  well  as  the  Middle  East.  The  prime  data 
source  Is  Reference  5  though  some  data  have  been  derived  from  Reference  6. 

As  Its  name  implies,  the  landlocked  Mediterranean  Is  an  extension  of 
the  Atlantic  Ocean.  Oue  to  a  high  evaporation  rate,  the  Inflow  of  water  to 
the  Mediterranean  from  rivers  Is  Insufficient  to  maintain  the  sea  level, 
and  hence  waters  from  the  Atlantic  are  required  to  flow  In  through  the 
Strait  of  Gibraltar  to  compensate  for  this  deficiency. 

2.  The  primary  current  affecting  the  climatic  pattern  In  the  Mediterranean 
Sea  flows  In  a  counterclockwise  direction  and  Is  from  part  of  the  water  of 
the  Portugal  Current  which  enters  the  Strait  of  Gibraltar  and  flows  along 
Africa's  north  coast,  see  Figure  C-l.  After  passing  Cape  Bon,  the  current 
continues  southeasterly  towards  Port  Said.  At  the  eastern  end  of  the 
Mediterranean,  It  turns  northward  to  return  along  the  southern  European 
coasts.  In  following  the  Mediterranean  coasts-  the  current  forms  counter¬ 
clockwise  flows  In  other  seas,  e.g.,  the  Aegean  and  the  Adriatic.  The 
outflow  back  to  the  Atlantic,  Is  a  subsurface  one,  westward  through  the 
Strait  of  Gibraltar,  and  beneath  the  Incoming  surface  current.  The  return¬ 
ing  current  Is  subsurface  because  due  to  the  high  evaporation  rate,  It  Is 
extremely  saline  and  dense,  and  therefore  It  sinks. 

3.  As  compared  to  the  Northeastern  Atlantic  Locations  A  and  B,  the  overall 
weather  at  Location  C  Is  somewhat  benign  from  the  viewpoint  of  naval 
operations.  The  environment  here  Is,  In  general,  warmer,  clearer,  dryer 
(especially  In  the  summer),  and  due  to  lower  wind  speeds  and  limited  fetch 
(area  and  length  over  which  the  wind  blows  In  the  same  direction  and  at 
the  same  speed),  the  waves  are  generally  of  lower  heights.  Thus,  the 
dynamics  of  the  naval  platforms  themselves  may  be  of  somewhat  less  concern 
to  overall  mission  effectiveness  in  the  Eastern  Mediterranean  than  in  the 
Northeastern  Atlantic;  however,  the  atmospheric  conditions  which  affect 
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communication,  detection,  and  tracking  systems  may  be  of  more  importance. 

As  refractivity  data  becomes  available  and  is  analyzed.  It  may  become 
apparent  that  electromagnetic  phenomena  are  more  Important  here  In  the 
Mediterranean  than  in  the  Northeastern  Atlantic. 

Figure  C-2  illustrates  that  the  dally  mean  atmospheric  pressure  Is 
1017  millibars  in  winter,  1014  millibars  In  spring,  1010  millibars  In 
summer,  and  1016  millibars  In  fall. 

6.  Upon  considering  the  primary  environmental  parameters  affecting  ship 
performance,  e.g.,  waves  and  wind,  as  well  as  overall  weather  occurrence 
(precipitation),  January  was  selected  as  the  most  severe  month  and  thus  Is 
taken  to  be  the  winter  or  worst  season.  Similarly,  April  Is  denoted  as 
sprtng,  July  as  summer,  and  October  as  fall.  As  before,  the  emphasis  In 
this  general  climatology  will  be  placed  on  the  worst  or  winter  season, 
though  comparisons  to  the  other  seasons  will  be  made. 

5.  Winds  are  caused  by  differences  in  atmospheric  pressure,  which  are 
caused  by  variations  of  vertical  air  temperature,  between  two  locations. 

The  occurrence  of  anv  higher  wind  speeds  at  Location  C  Indicates  the 
existence  of  a  noticeable  pressure  gradient  and  In  winter  2.5  percent  of 
all  observed  winds  exceed  or  equal  gale  forces  of  36  knots.  Lower  pressure 
systems  occur  less  often  in  summer  when  gale  force  winds  are  observed  less 
than  I  percent  of  the  time.  The  most  likely  wave  heights  to  accompany  the 
winter  gale  force  winds  are  between  13  and  16  feet  and  from  the  west. 

6.  Generally  sea  direction  coincides  with  wind  direction  which  In  winter 
and  fall  Is  predominantly  from  the  north-northwest-west  and  In  spring  and 
summer  from  the  west.  In  winter,  3  percent  of  all  observed  wave  heights 
exceed  12  feet,  while  In  spring  only  1.6  percent  and  In  summer  1.3  percent 
exceed  12  feet,  see  Figure  C”3-  Rarely  do  waves  exceed  12  feet  In  fall. 
Though  no  swell  data  are  available,  It  is  expected  that  swells  of  several 
feet  may  come  from  the  west  and  northwest  during  the  fall  and  winter. 

Swells  from  the  east  should  be  negligible.  Observed  wave  periods  are 
generally  7  seconds  or  less,  however,  periods  of  13  seconds  or  more  have 
been  observed  in  all  but  fall.  The  highest  observed  wave  heights  in 
wlnter  have  occasionally  exceeded  2C  feet  and  are  generally  of  periods  of 
11  seconds  or  less. 
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7.  The  frequency  of  precf pi tation  Increases  from  a  minimum  In  summer  to  a 
maximum  in  winter.  Liquid  precipitation  may  occur  in  all  but  summer,  whan 
no  prectpl tation  is  reported,  and  hall  occurs  occasionally  in  winter  and 
spring.  Frozen  precipitation,  such  as  snow,  does  not  occur.  Thunderstorms, 
including  lightning,  occur  most  frequently  in  fall,  e.g.,  3. I*  percent  of 
the  time,  but  can  occur  at  any  time  of  year. 

8.  Fog  occurs  less  than  15  percent  of  the  time  and  Is  more  common  In 
sunmer  than  winter,  usually  occurring  when  the  air  temperature  Is  from  2*F 
below  to  4®F  above  the  sea  temperature.  A  more  observed  phenomenon  Is 
smoke  or  haze  which  occur  in  0.3  percent  of  observations  in  winter,  2.5 
percent  In  spring,  l.k  percent  In  summer,  and  0.5  percent  In  fall. 

9.  The  observed  maximum,  mean,  and  minimum  temperatures  are  76,  59 - 5 •  and 
l»3.0°F  in  winter,  82.0,  63-3,  and  50.0°F  In  spring,  93-0,  77.6,  and  6A.0#F 
In  summer,  and  91.0,  73*1,  and  6l.0*F  in  fall. 

10.  The  sea  surface  temperature  has  a  mean  value  of  62.3°F  in  winter, 
62.6°F  in  spring,  76.2*F  In  summer  and  7^.I*F  in  fall.  The  relative 
humidity  has  a  daily  mean  of  71  percent  In  winter,  76  percent  in  spring, 

77  percent  in  summer,  and  73  percent  In  fall. 

11.  During  the  winter,  the  average  visibility  frequency  of  occurrence  Is 
0.6  percent  for  less  than  2  nautical  miles,  1.6  percent  for  less  than  5 
nautical  miles,  10.5  percent  for  less  than  10  nautical  miles  and  88.0  per¬ 
cent  for  greater  than  10  nautical  miles  and  does  not  vary  substantially 
over  the  rest  of  the  year.  Low  visibility,  e.g.,  less  than  50  yards, 
occurs  jointly  with  a  low  celling  height,  e.g.,  less  than  150  feet,  In 
winter  and  fall  In  0.1  percent  of  observations. 

12.  The  maximum  number  of  hours  of  daylight  occurs  In  June  when  the  sun  Is 
above  the  horizon  about  1 hours  The  minimum  number  of  hours  of  daylight, 
10  hours,  occurs  in  late  December  and  early  January. 


FIGURE  C-  1  -  Generalized  Currents  for  the  Mediterranean  Sea 
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PART  II.  WINTER  (JANUARY)  CLIMATOLOGY  OF  THE  EASTERN  MEDITERRANEAN: 
33*30'  -  35#0'N.,  29*30*  -  30*30' E  (OFF  CYPRUS) 

The  following  data  graph*  are  derived  primarily  from  Volume  8  of  the 
Mediterranean  Marine  Areas  (Area  29)  of  Reference  5»  for  the  worst  wind-wave 
season ,  January.  Figure  C-lla  Is  adopted  from  Reference  3. 
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Figure  C-le  -  Sea  Height  by 
Wind  Direction 
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Figure  C-le  -  Swell  Height 
Cumulative  Distribution 


Figure  C-lf  '  Wave  Height 
and  Period 
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Figure  C-lg  -  *eturn 
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Figure  C-2b  -  Return  Periods 
for  Maximum  Sustained  Winds 


«  01  »*  it 

LOCAL  *l"! 


Figure  C-Zd  -  Wind  Speed 


Figure  C-3b  -  Visibility 
Diurnal  Variation 
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Figure  C-3d  “  low  Visibility 
and/or  Celling  Height 
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Figure  C-4a  -  Mean  Surface  Current  Speeds  and  Prevailing  01 
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Figure  C-6«  -  Sea  Surface 
Temperature 
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Flgura  C-6g  -  Relative  Humidity 
Cumulative  Distribution 


Figure  C-7a  -  Precipitation 
by  Type 


Figure  C-7b  -  Precipitation 
by  Wind  Direction 
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Figure  C-7c  -  Precipitation  - 
Dlurnel  Variation 
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NEGLIGIBLE  OCCURRENCE 
OF  FOG  REPORTED 
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Figure  C*10a  *  Fog  versus 
Wind  Direction 


Figure  C-lOb  -  Fog  versus 

Air  -  See  Temperature  Difference 
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Ftguro  C-1U  -  Low  Pr***uro  Contort  Ftyuro  C-llfc  -  Extrotropleol  Cyclonoo 


Low  Pressure  Centers 
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Figure  C-12a  -  Concentration 


Figure  C-I2b  -  Icebergs 


Figure  C-13«  “  Percentage  frequency 
of  moderate  and  severe  potential 
for  superstructure  icing 
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PART  I.  GENERAL  MARINE  CLIMATOLOGY  OF  THE  JAPAN 
SEA:  39*N,  ,29*E  (OFF  KOREA) 


1.  A  general  climatology  for  one  location  In  the  Japan  Sea  Is  developed. 
The  location  at  approximately  39*N,  1 29* E  Is  denoted  as  Location  D  and  Is 
approximately  Jk  nautical  mites  east  of  the  natural  harbor  at  Wonsan  Kang, 
see  Figure  0*1.  The  location  Is  considered  Important  to  U.S.  Navy  opera* 
tlons  from  the  viewpoint  of  a  long-term  variable  Intensity  naval  encounter. 

The  prime  data  sources  for  this  general  climatology  are  References  5, 
7,  8,  9,  ar.d  10.  Though  not  used  In  this  work.  Reference  11  provides  a 
rather  comprehensive  description  of  the  coastlines  of  Korea  and  could  be 
useful  In  developing  parameters  Important  to  amphibious  operations. 

2.  The  climate  of  the  greater  part  of  eastern  Asia  Is  dominated  by  the 
monsoons,  with  northerly  winds  In  winter  and  southerly  winds  In  summer. 

This  seasonal  alternation  of  winds  has  a  primary  effect  on  the  other 
elements  of  weather.  The  winds  are  similar  In  many  ways  to  those  of  India, 
though  In  India  It  Is  the  southwest  or  summer  monsoon  which  Is  referred  to 
as  "the  monsoon"  season  while  In  eastern  Asia  "the  monsoon"  season  gener¬ 
ally  refers  to  the  winter  season. 

3.  The  local  surface  current  regimes  In  the  Japan  Sea  are  slightly  varied 
by  season,  see  Figure  0-1.  The  warm  Tsushima  Current  flows  north-north¬ 
eastward  west  of  Kyushu,  and  the  main  branch  flows  through  the  Korea  Strait 
where  both  Its  speed  and  direction  may  be  Influenced  by  tidal  currents 
with  occasional  speeds  up  to  3  knots.  After  flowing  through  the  Korea 
Strait,  the  Tsushima  Current  divides  and  a  small  branch  flows  northward 
along  the  east  coast  of  Korea  while  the  main  branch  flows  northeastward 
along  the  Japan  coast. 

The  counterpart  In  the  Pacific  of  the  cold  Labrador  Current  In  the 
North  Atlantic  Is  the  Kamchatka  Current,  which  originates  In  the  Bering 
Sea  and  flows  southwestward  down  the  east  coast  of  Kamchatka,  and  on  down 
as  far  as  about  3&*N  along  the  east  coast  of  Japan.  This  current  has  no 
direct  effect  on  the  climatology  of  Location  D  and  Is  thus  not  shown  In 
Figure  0*1,  adapted  from  Reference  8.  A  second  cold  southerly  current  Is 
the  Liman  Current  which  flows  southward  from  the  Gulf  of  Tartary  along 
the  Russian  and  Korean  eastern  coasts.  In  the  warm  season  (summer),  the 
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Liman  Current  !s  sometimes  traced  as  far  as  the  south  coast  of  Korea  but 
In  the  cold  season  (winter),  does  not  reach  the  Korea  Strait.  Figure  0-1 
provides  a  seasonal  view  of  the  local  current  variations  In  the  Japan  Sea. 

4.  The  winter  monsoon  winds,  together  with  the  weather  that  accompanies 
them,  form  the  most  Interesting  features  of  the  climate.  These  winds  are 
related  to  the  high  pressure  area  which  forms  over  the  cold  pole  of  central 
Asia  and,  In  general,  most  weather  of  that  season  Is  related  to  wind 
changes  associated  with  the  variations  In  this  high-pressure  area.  Figure 
D-2,  adapted  from  Reference  7,  shows  seasonal  variations  of  the  normal 
pressure  distributions  for  the  Japan  Sea.  At  Location  O.the  pressures  vary 
from  a  high  of  1025  millibars  In  winter  to  a  low  1007  millibars  In  summer. 
Typhoons*  have  not  been  observed  at  Location  D,  however,  increased  typhoon 
activity  In  surrounding  areas  is  observed  In  summer  and  fall.  Thunder¬ 
storms  have  not  been  observed  In  winter  though  occur  In  summer  about  0.5 
percent  of  the  time. 

5.  When  fully  developed,  the  winter  monsoon  wind  blows  as  a  moderate  or 
fresh  wind  from  the  west  to  northwest  at  Location  D.  Temperatures  accom¬ 
panying  It  are  usually  between  30  and  40®F,  and  gale  forces  of  34  knots  or 


greater  are  observed  about  4.0  percent  of  the  time.  Seventy  five  percent 
of  observations  show  wind  forces  of  less  than  22  knots.  The  winter  monsoon 
Is  most  persistent  from  about  10°  to  18°N  while  north  of  35*N  the  direction 
Is  often  reversed  and  southwesterly  winds  are  not  uncommon  In  winter, 
occurring  about  9  percent  of  the  time.  During  the  summer  monsoon,  south¬ 
erly  winds  predominate  and  are  in  general  weaker  and  less  persistent  than 
the  northerly  winds  of  winter.  At  Location  D,  the  direction  Is  usually 
between  southeast  and  south,  though  there  are  also  frequent  winds  from  the 
north  and  northwest.  During  the  passage  of  typhoons  the  winds  may  occa¬ 
sionally  reach  gale  force.  In  summer  97  percent  of  observations  show  winds 
of  22  knots  or  less,  and  the  southerly  winds  are  generally  accompanied  by 
temperatures  between  60®  and  70*F. 

*The  hurricane  (maximum  sustained  winds  are  >_  64  knots)  stage  of  a 
tropical  cyclone  Is  known  as  a  typhoon  In  the  western  Pacific.  A  tropical 
cyclone  Is  a  cyclone  of  tropical  oceanic  origin,  has  no  weather  fronts  per 
se,  and  derives  most  of  Its  energy  from  a  complex  system  which  depends  to 
a  great  extent  upon  warm  sea  surface  temperatures  (>  80*F),  see  Reference 


6.  The  seasonal  variation  of  wave  height  at  Location  D  ts  given  In  Figure 
0-3.  In  winter,  waves  of  13  to  16  feet  with  periods  of  9  seconds  or  less 
have  occasionally  been  observed  (3.9  percent  of  the  time),  though  generally 
observed  wave  heights  are  between  3  and  4  feet.  Fifty  percent  of  all  ob¬ 
served  waves  In  winter  are  4  feet  or  less.  Very  rarely  have  waves  of  17 

to  19  feet  of  height  been  observed.  In  summer,  waves  of  13  to  16  feet 
have  been  observed  1.3  percent  of  the  time,  though  generally  the  observed 
waves  are  between  1  and  2  feet.  Fifty  percent  of  all  observed  sumrfter  wave 
heights  are  less  than  or  equal  to  2  feet.  Rarely  are  waves  of  17  to  19 
feet  height  observed  and  are  probably  associated  with  nearby  typhoon  ac¬ 
tivity.  In  winter,  It  Is  expected  that  the  wave  direction  will  generally 
follow  the  wind  direction,  and  due  to  a  lack  of  storm  activity  In  surround¬ 
ing  areas,  swells  are  not  usually  expected.  In  summer,  swells  may  be 
expected  from  typhoon  activity  In  surrounding  areas.  Wave  periods  greater 
than  11  seconds  have  rarely  been  observed  at  Location  0  regardless  of 
season. 

7.  The  average  annual  ralnfatl  at  Location  D  Is  about  30  Inches  and  rain 
Is  more  common  In  winter  than  summer  when  the  air  near  the  surface  is  more 
stable  and  turbulence  Is  restricted.  In  winter,  precipitation  Is  observed 
over  21  percent  of  the  time  and  In  summer  only  about  16  percent  of  the 
time.  Snow  occurs  In  winter  7.6  percent  of  the  time  and  In  spring  3.1 
percent  of  the  time.  Hall  has  occasionally  been  observed  In  winter  and 
spring. 

8.  One  of  the  most  unpleasant  and  dangerous  (from  the  viewpoint  of  navi¬ 
gation)  features  of  the  summer  Is  heavy  fog  occurrences.  In  summer,  fog 
without  precipitation  occurs  In  about  14.5  percent  of  all  observations  and 
tapers  off  to  2.6  percent  In  fall  and  less  than  1  percent  In  winter.  In 
spring  the  occurrence  begins  to  rise  and  Is  observed  at  4.1  percent.  Smoke 
or  haze  Is  also  observed  In  sunmer  (3.0  percent)  and  occasionally  In  winter 
(0.9  percent). 

9.  The  observed  maximum,  mean,  and  minimum  temperatures  are  64,  39*6,  and 
17*F  In  winter,  64,  43. 9»  and  23°F  In  spring,  82,  65-1,  and  50°F  In  summer, 
and  86.  79,  and  57*F  In  fall. 

10.  The  sea  surface  temperature  has  a  mean  value  of  46*F  In  winter,  40*F 
In  spring,  6!*F  In  sumner,  and  69*F  In  fall.  The  relative  humidity  has  a 


dally  mean  of  73  percent  In  winter,  69  percent  In  spring,  86  percent  In 
summer,  and  78  percent  In  fall. 

11.  During  the  winter,  the  average  visibility  frequency  of  occurrence  Is 
1.4  percent  for  less  than  2  nautical  miles,  3*6  percent  for  less  than  5 
nautical  miles,  40.4  percent  for  less  than  10  nautical  miles,  and  59*6 
percent  for  greater  than  10  nautical  miles.  Visibility  Is  worsened  In 
spring  and  summer  and  somewhat  improved  In  fall.  Low  visibility,  e.g., 
less  than  50  yards,  occurs  jointly  with  a  low  celling  height,  e.g.,  less 
than  150  feet,  up  to  5.8  percent  of  the  time  In  winter  and  as  low  as  1 
percent  of  the  time  In  summer. 

12.  The  maximum  number  of  hours  of  daylight  occurs  In  June  when  the  sun 
Is  above  the  horizon  nearly  15  hours.  The  minimum  number  of  hours  of  day¬ 
light,  about  9.5  hours,  occurs  In  late  December  and  early  January. 

13.  Blolumlnescence  (phosphorescence)  Is  common  In  Korean  waters,  and  Is 
noted  most  often  In  late  summer  and  fall;  however,  no  data  regarding  bto~ 

1  umlnescer.ce  for  Location  D  has  been  located.  The  transparency  of  the 
waters  of  Location  D  Is  similar  to  that  of  the  open  ocean.  While  no  large 
kelps  are  expected,  porpoises  and  whales  Inhabit  the  open  waters  off  Korea 
and  possibly  near  Location  0.  Large  schools  of  fish,  as  well  as  some  sonic 
fish,  abound  In  Korean  waters  and  these  as  well  as  the  larger  forms  may  be 
confusing  to  the  underwater  listener  as  they  are  capable  of  returning  echo 
ranging  signals.  The  maximum  level  of  sound  pressure  of  fish  noises  Is  In 
the  frequency  range  of  0.1  to  3-0  kilocycles.* 

14.  The  color  of  the  waters  near  Location  D  Is  generally  green.  The 
average  sea  surface  salinity  Is  about  34.0  percent  In  winter  and  spring 
and  decreases  to  about  33.0  percent  In  summer  and  fall  at  Location  D.  Sea 
Ice  and  superstructure  Icing  are  not  expected  In  the  winter  season. 

15.  The  expected  times  of  survival**  of  a  man  Immersed  In  the  sea  are  less 
than  3  hours  In  winter,  1.5  hours  In  spring,  and  12  hours  In  summer  and 
fall. 

*lt  should  be  pointed  out  that  this  note  of  the  abundance  of  marine 
life  Is  taken  from  Reference  9,  and  thus  may  not  reflect  a  totally  accurate 
view  of  today's  marine  population. 

**Survlval  time  Indicates  the  length  of  time  a  man  In  ordinary  clothes 
and  a  life  preserver  can  withstand  Immersion  without  fatal  effects. 
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16.  The  depth  of  the  weters  et  Locetlon  D  Is  about  1000  fethoms  (6000 
feet)  and  the  bottom  Is  floored  In  mud. 
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PART  II.  WINTER  (DECEMBER)  CLIMATOLOGY  OF  THE  JAPAN  SEA: 

39*N,  129*  £  (OFF  KOREA) 


The  following  data  graphs  are  derived  primarily  from  Volume  9  of  the 
Japanese  and  Korean  Coastal  Marine  Areas  (Area  25)  of  Reference  5  for  the 
worst  wtnd/wave  season,  December.  Figure  D~6d  ts  developed  from  Reference 
20.  Figure  D-6e  Is  adopted  from  Reference  ’0.  Figure  D*lla  Is  adopted  from 
Reference  20. 
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Figure  D-la  -  Sea  Height  by 
Wind  Direction 
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•  :  Figure  D-lc  -  Mean  Sea  Height 
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Figure  D“lb  -  Sea  Height  ■ 
Cumulative  Distribution 
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Figure  D- 1  d  *■  Swell  Height 
by  Direction 
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Figure  O-le  -  Swell  Height 
Cumulative  Distribution 


Figure  D-1f  -  Wave  Height 
and  Period 
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Figure  D*1g  -  Return  Periods 
for  High  Waves 
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Figure  D~3e  -  Visibility  Persistence 
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Figure  D-5e  -  Cloud  Amounts  * 
Cumulative  Distribution 
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Figure  D-5b  -  Keen  Cloud  Amounts 
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Figure  D~5c  ■  Good  Cloud  Conditions 
Dlurnel  Variation 
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PERCENTAGE  FREQUENCY  OF 
SUB-FREEZING  TEMPERATURES 
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Figure  0~6d  -  Air  Temperature 
and  Gales 


Figure  D-6e  -  Sea  Surface 
Temperature 
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Figure  D-6f  -  Relative  Humidity 
Diurnal  Variation 
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Figure  D-6g  -  Relative  Humidity 
Cumulative  Distribution 


Figure  D-7b  -  Precipitation 
by  Wind  Direction 
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Figure  D-lOb  -  Fog  versus 

Figure  D-lOa  -  Fog  versus  Air  -  Sea  Temperature  Difference 
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Figure  D-12a  -  Concentration 


Figure  0- 1 2b  -  Icebergs 
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Figure  D-I3a  -  Percentage  frequency 
of  moderate  and  severe  potential 
for  superstructure  Icing 
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APPENDIX  E 

MARINE  CLIMATOLOGY  OF  THE  GULF  OF  ADEN: 
12°n,  43o30'E  (OFF  SAUDI  ARABIA) 


PART  I.  GENERAL  MARINE  CLIMATOLOGY  OF  THE  GULF  OF 
ADEN!  12*N,  ^6‘30'e  (OFF  SAUDI  ARABIA) 

1.  A  general  climatology  for  the  oceanographic  area  defined  by  12*N, 

46°30'E  (off  southern  Saudi  Arabia)  Is  developed.  The  area  is  denoted  as 
Location  E  on  Figure  £-1  and  Is  considered  important  to  U.S.  Naval  opera¬ 
tions  since  It  Is  a  principal  sea  route  from  a  major  source  of  petroleum 
for  the  western  world.  The  prime  data  sources  are  References  5,  1 3 ►  1 A , 

15,  and  16.  Emphasis  Is  placed  on  the  area  about  the  location  in  the  Gulf 
of  Aden,  but  references  to  adjoining  seas,  e.g.,  the  Rgd  and  Arabian  seas 
are  made  where  appropriate. 

2.  Location  E  lies  southwest  of  the  Red  Sea  and  Is  among  the  hottest 
regions  on  earth.  Rainfall  Is  very  light,  but  the  humtd,  tropical  air 
makes  the  climate  oppressive  during  most  of  the  year.  The  geographical 
location  of  the  area  between  the  African  and  Aslan  continents  means  that 
the  weather  is  affected  by  seasonal  monsoons  from  these  areas  and  conse¬ 
quently,  can  vary  throughout  the  year  despite  the  region's  proximity  to 
the  Equator.  The  minimal  amount  of  rainfall  In  this  area  occurs  during 
short  storms.  The  most  turbulent  time  of  year  Is  In  summer  (July)  when  the 
mean  seasonal  sea  level  pressure  Is  at  a  minimum  of  1002-5  millibars. 

Figure  E-2  Illustrates  the  seasonal  variation  in  mean  sea  level  pressure. 

3.  Throughout  the  year,  winds  In  the  Gulf  of  Aden  are  governed  by  the 
monsoons  In  the  Arabian  Sea  and  the  Indian  Ocean.  Between  October  and  Hay, 
the  northeast  monsoon  prevails  and  the  winds  assume  a  westward  (that  Is, 
from  the  east  and  towards  the  west)  or  west-southwestward  direction. 
Generally,  the  winds  range  between  calm  and  16  knots,  with  higher  winds 
from  January  to  March  (over  17  percent  between  17  and  27  knots).  From 

June  to  September,  steady  winds  from  the  south-to-southwest-to-west  prevail, 
blowing  strongly  at  times  out  of  the  Red  Sea  eastward  to  Suqutra  Island. 

Near  the  African  coast  there  are,  during  this  season,  occasional  violent 
north-northeastward  land  squalls  which  last  about  an  hour  and  always  occur 
between  midnight  and  daybreak.  The  highest  average  wind  speeds  at  Location 
E  occur  In  summer  (July)  with  a  value  of  11  knots.  The  lowest  seasonal 
average  wind  speed  occurs  In  fall  (October)  with  a  value  of  8.7  knots.  The 
Interval  between  the  monsoons  Is  marked  by  light  and  variable  winds  which 
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•re  frequently  Interrupted  by  rain  and  lightning.  During  the  beginnings 
and  endings  of  these  transition  periods.  It  Is  not  unusual  to  have  brief 
but  violent  rain  and  thundar  storms.  The  northeast  monsoon  brings  lighter 
wind  and  fair  weather  in  the  winter,  and  the  southwest  monsoon  can  be  very 
strong  and  accompanied  by  thick,  hazy  weather.  Along  the  southern  coast 
of  the  Arabian  peninsula  the  wind  ts  often  light  and  variable. 

The  monsoons  and  atmospheric  pressure  can  cause  fluctuations  In  water 
level  by  as  much  as  2  feet  between  the  low  In  summer  and  a  high  In  winter. 
A.  Surface  current  speeds  and  directions  throughout  the  area  are  also  In¬ 
fluenced  by  the  northeast  and  southwest  monsoons.  Figure  E-l  shows  the 
seasonal  variation  In  currents  flowing  about  Location  E.  Strong  currents, 
up  to  2.5  knots,  have  been  observed  In  the  strait  on  the  eastern  end  of 
the  Gulf  of  Aden.  From  October  through  April,  the  current  In  the  Gulf  Is 
southwestward  and  ranges  in  speed  from  0.2  to  1  knot.  During  the  rest  of 
the  year,  the  current  runs  northeastward  at  about  1  knot  near  the  middle 
of  the  Gulf  and  Location  E  and  up  to  2  knots  off  the  Arabian  coast.  While 
this  latter  speed  may  even  reach  3  knots,  the  current  Invariably  becomes 
weaker  In  October,  and  Its  direction  changes  to  southwestward. 

5.  Sea  and  swell  conditions  flowing  northeastward  and  eastward  are  common 
during  the  months  of  October  through  May  when  the  northeast  monsoon  pre¬ 
vails.  From  June  through  September,  the  southwest  monsoon  dominates  con¬ 
ditions  resulting  In  northward  and  northeastward  seas  and  swells.  During 
the  summer,  the  seas  at  Location  E  are  calm  less  than  14  percent  of  the 
time  and  waves  of  heights  of  7  feet  or  greater  are  observed  16  percent  of 
the  time.  In  surraner,  waves  as  high  as  13  to  16  feet  with  periods  up  to  13 
seconds  or  more  have  been  observed.  The  mildest  waves  occur  In  spring 
with  only  3.9  percent  of  observations  of  7  feet  or  more.  Figure  E"3  shows 
the  seasonal  variation  of  wave  heights  at  Location  E.  Some  swell  Is  ex¬ 
pected  during  the  monsoon  seasons. 

Turbulent  weather  occurs  uniformly  throughout  the  year,  though  the 
summer  (July)  evinces  the  harshest  conditions  with  10  percent  of  waves 
being  7  feet  In  height  and  6  percent  being  over  8  feet  In  height  at  Loca¬ 
tion  E. 

6.  Rainfall  In  the  region,  as  previously  mentioned,  Is  very  light.  The 
meager  amount  of  rainfall,  perhaps  only  a  few  Inches  a  year,  may  occur  with 
the  Infrequent  thunderstorms  observed  throughout  the  year. 

E-3 
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7.  Fog  occurs  rarely  at  Location  E.  Haze  Is  also  Infrequent,  except  In 
summer,  when  observations  Indicate  Its  presence  12. 5  percent  of  the  time. 

8.  The  mean  annual  temperature  recorded  at  land  stations  on  the  Gulf  of 
Aden  Is  86*F,  which  Is  the  highest  on  earth.  Near  Berber,  Somalia,  the 
average  daily  maximum  summer  temperature  reaches  107*F  with  a  record  high 
of  117*F  and  a  mean  low  of  72*F  recorded  In  June.  At  Location  E,  the  air 
temperature  can  reach  and  exceed  100*F  In  summer,  when  the  dry  northward 
winds  prevail.  In  winter,  the  higher  temperatures  are  about  10  degrees 
less  than  In  summer.  Mean  dally  temperatures  are  77*F  In  winter,  82*F  In 
spring,  86*F  In  summer,  and  8k*F  In  fall.  Mean  relative  humidity  ranges 
between  76  percent  In  winter,  81  percent  In  spring,  77  percent  In  summer, 
and  7k  percent  In  the  fall.  Without  doubt,  the  climate  at  Location  E  Is 
always  sultry  and  oppressive. 

9.  Maximum  sea  surface  temperatures  In  fall  are  over  89*F.  The  maximum 
sea  surface  temperature  the  rest  of  the  year  at  Location  E  Is  at  least 
82*F. 

10.  Visibility  I s  generally  good  In  the  Gulf  of  Aden  most  of  the  year. 
Exceptionally  good  visibility  Is  observed  for  1  out  of  A  to  6  days,  except 
In  July  when  It  Is  observed  1  out  of  10  days.  Summer  dust  storms  at  sea, 
which  occur  from  May  to  August,  reduce  visibility  significantly.  These 
storms  always  come  from  the  north  or  northwest  and  arrive  with  little  or 
no  forewarning.  Visibility  Is  generally  low  In  summer  on  the  eastern 
waters  of  the  Gulf  bordering  the  Arabian  Sea. 

Monthly  charts  show  visibility  declining  regularly  from  a  high  of  96 
percent  for  more  than  10  nautical  miles  In  November,  the  clearest  month, 
to  only  k8  percent  greater  than  10  nautical  miles  during  July,  the  worst 
month.  Also  during  July,  37  percent  of  visibility  Is  between  5  and  10 
nautical  miles,  A  percent  between  2  and  5  nautical  miles,  10  percent 
between  1  and  2  nautical  miles  and  less  than  1  percent  less  than  1  nautical 
mile. 

11.  The  maximum  number  of  hours  of  daylight  Is  about  13  hours  which  occurs 
In  June.  The  minimum  number  of  hours  of  daylight  which  occurs  In  late 
December,  Is  slightly  more  than  10  hours. 

12.  Earthquakes  are  relatively  Infrequent,  though  small  shocks  have  been 
reported  In  the  western  part  of  the  Gulf  of  Aden.  Tsunamis  can  be  caused 
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by  these  shocks  and  by  shocks  as  far  away  as  Iran  and  Pakistan.  No  eye- 
witness  reports  of  tsunamis  are  available,  however,  possibly  due  to  the 
sparse  and  generally  Illiterate  population  found  In  the  region.  Many 
spectacular  and  unusual  forms  of  blolumlnescent  display  have  been  observed 
In  the  Gulf  of  Aden.  A  very  peculiar  and  spectacular  type  of  display  con¬ 
sists  of  large  luminescent  bubbles  rising  from  the  depths  and  bursting  Into 
bright,  white  flashes  at  the  surface.  The  luminescence  can  be  generated 
by  the  pulsations  of  a  vessel's  engines.  Bright  displays  car.  be  triggered 
by  a  radar  beam  and  will  disappear  when  the  radar  Is  turned  off.  Lumin¬ 
escence  caused  by  a  beam  of  light,  however,  remains  for  a  certain  time 
after  the  light  Is  turned  off.  Refraction  phenomena,  such  as  mirages,  are 
common  In  the  Gulf  of  Aden  due  to  hot  winds  from  the  desert. 

Since  the  neighboring  Red  Sea  Is  notorious  for  harboring  venomous 
fish,  rays,  and  Invertebrates  such  as  stoneflsh,  stingrays,  Moray  eels  and 
sharks.  Gulf  of  Aden  waters  might  be  considered  dangerous  to  the  safety  of 
men. 

13.  The  mean  salinity  of  the  sea  surface  In  this  region  Is  36  parts  per 
thousand  and  remains  almost  constant  throughout  the  year. 

Jl».  Water  depth  about  Location  E  Is  between  500  and  1000  fathoms,  with 
generally  shallower  water  to  the  west  and  along  the  shores,  and  deeper 
water  toward  the  Arabian  Sea  In  the  east. 
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Generalized  Ocean  Currents  for  the  Gulf  of  Aden 
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Figure  E-3  -  Seasonal  Wave  Height  Exceedances 


PART  II,  SUMMER  (JULY)  CLIMATOLOGY  OF  THE  GULF  OF  ADEN: 
12*  N>  *6*30'E  (OFF  SAUDI  ARABIA) 


The  following  data  graphs  are  derived  primarily  from  Volume  1  of  the 
East  African  and  Selected  Island  Coastal  Marine  Areas  (Area  6)  of  Reference 
5  for  the  worst  wind/wave  season,  July.  Figure  E-4a  is  adopted  from  Reference 
13. 
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Figure  E-lb  -  See  Height 
Cumulative  Distribution 
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Figure  E-lc  -  Keen  See  Height 
by  Wind  Speed 


Figure  E-ld  -  Swell  Height 
by  Direction 
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Figure  E-le  ■  Swell  Height 
Cumulative  Distribution 
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Figure  E-lg  -  Return  Periods 
for  High  Waves 
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Figure  E-lf  -  Wave  Height 
and  Period 
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Figure  E-2a  -  Wind  Speed 
by  Direction 


Figure  E-2b  -  Return  Periods 
for  Maximum  Sustained  Winds 
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Figure  E-2c  -  Wind  Direction 
Diurnal  Variations 


Figure  E-2d  -  Mean  Wind  Speed 
Diurnal  Variation 
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Figure  E-2f  -  Wind  Speed 
Diurnal  Variation 
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Figure  E-4a  -  Mean  Surface  Current  Speeds  and  Prevailing  Directions 


_ 


H  »-J  I  «  MtOMI 

ItTAt  Cl**  ««n 


l  m  CUN  MNT 


Figure  E-5a  *  Cloud  Amounts  - 
Cumulative  Distribution 
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Figure  E-5b  -  Heen  Cloud  Amounts 


Figure  E-5c  -  Good  Cloud  Conditions 
Diurnal  Variation 


NO  OCCURRENCES 

(SUE* FREEZING  TEMF.  OR  GALES) 
REPORTED 


Flyura  E-4N  *  Air  T«*oratura 
m4  Goloa 


Flyura  E-4f  -  Ralatlvo  NunWty 
Diurnal  Variation 


Flyu.a  k-4y  *  RoUtlra  Humidity 
Sumulatlvo  Distribution 


Figure  E-lOa  -  Fog  versus 
Wind  Direction 


Figure  E-10b  -  Fog  versus 

Air  -  Sea  Temperature  Difference 
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Figure  E-lla  -  Low  Pressure  Centers  Figure  E- 11b  -  Tropical  Cyclones 
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Figure  E-llc  -  Thunderstorms 
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Figure  E-12«  -  Concentration 


Figure  E- 12b  -  Icebergs 


Figure  E-I3a  -  Percentage  Frequency 
of  moderate  and  severe  potential 
for  superstructure  Icing 


APPENDIX  F 

MARINE  CLIMATOLOGY  OF  THE  SOUTHEASTERN  NORTH  ATLANTIC J 
9‘30'n,  1 6*0 ' W  (OFF  GUINEA) 


PART  I.  GENERAL  MARINE  CLIMATOLOGY  OF  THE  SOUTHEASTERN 
NORTH  ATLANTIC :  9°30'n,  16#0'w  (OFF  GUINEA) 


1.  A  general  climatology  for  the  oceanographic  area  defined  by  9°30'N, 
16°0'W  Is  developed.  The  area  Is  denoted  as  Location  F  on  Figure  F-l  and 
is  considered  Important  to  U.S.  Navy  operations  because  of  its  strategic 
location  In  the  major  European  sea  route  to  South  Africa  and  to  Australia. 
The  prime  data  sources  are  References  3,  5.  6,  17*  and  18. 

2.  Due  to  its  proximity  to  the  Equator,  the  climate  at  Location  F  Is 
generally  hot  and  tropical  In  nature.  It  exhibits  two  seasons:  one  dry 
(from  about  December  to  April)  and  the  other  wet  (from  about  May  to 
November)  due  to  the  seasonal  tradewlnds.  The  dry  season  corresponds  with 
winter,  having  cooler  temperatures.  In  the  dry  season,  the  "harmattan" 
blowing  from  the  desert  in  the  northeast  controls  the  weather. 

3.  The  primary  current,  see  Figure  F-l,  is  along  the  coast  in  a  southeast¬ 
ward  direction,  with  a  mean  speed  of  less  than  I  knot.  Further  south,  the 
current  shifts  westward  and  picks  up  speed  as  It  forms  the  southern  loop 

of  the  North  Atlantic  current.  There  are  no  significant  seasonal  changes. 
Barometric  pressure  is  nearly  constant  at  about  1012  millibars  throughout 
the  year,  see  Figure  F-2. 

4.  Annually  at  Location  F,  approximately  44  percent  of  winds  are  betwet  n 

7  and  16  knots.  Mean  wind  speeds  are  7  knots  In  winter  (February),  7  krots 
in  spring  (May),  11  knots  in  summer  (August),  and  a  low  5  knots  in  fall 
(November).  Winds  are  generally  from  a  westerly  to  northerly  direction 
from  fall  through  spring  and  from  a  southerly  to  westerly  direction  In 
summer.  Gale  force  winds  of  34  knots  or  greater  are  rarely  observed. 

9.  Generally  the  sea  direction  coincides  with  the  wind  direction,  though 
swells  from  the  south  and  southwest  are  sometimes  observed.  Figure  F-3 
Indicates  the  seasonal  variation  of  observed  wave  heights.  Waves  of  7  feet 
or  less  are  observed  97  percent  of  time  In  winter  and  spring,  92  percent  of 
time  In  summer,  and  98  percent  of  time  In  fall.  Wave  periods  are  generally 
less  than  9  seconds.  The  most  severe  wave  ever  observed  at  Location  F  was 
20  to  22  feet  In  height  and  greater  then  13  seconds  in  period  and  was 
observed  in  summer  when  the  winds  are  generally  highest. 
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6.  The  precipitation  In  this  locatton  ts  among  the  heaviest  In  the  world, 
reaching  170  Inches  annually.  Nearly  all  of  the  rainfall  occurs  during 
the  wet  season  lasting  from  Hay  to  November.  July  and  August  are  the 
rainiest  months  with  precipitation  observed  about  20  percent  of  the  time. 

The  rainfall  Inland  Is  less,  about  80  Inches  per  year. 

7.  The  air  temperature  Is  fairly  constant  at  Location  F,  averaging  about 
79*F  with  a  lowest  seasonal  mean  of  7&*F  occurring  In  winter  and  a  highest 
seasonal  mean  of  8l*F  occurring  In  fall.  In  general,  the  warmer  tempera¬ 
tures  occur  between  spring  and  fall.  The  lowest  temperatures  as  well  as 
the  greatest  temperature  drops  (from  10  to  14*F),  occur  In  winter.  The 
Inland  climate  Is  more  variable,  with  a  temperature  range  of  6A*F  to  104°F. 

8.  Fog  occurs  occasionally  at  Location  F.  Observations  Indicate  3  percent 
occurrence  In  winter,  2  percent  In  spring,  and  less  than  1  percent  In 
summer  and  fall.  A  more  frequently  observed  weather  phenomenon  Is  haze 
which  occurs  In  up  to  7  percent  of  winter  observations  and  Is  caused  by 
the  blowing  of  fine  dust  and  sand  particles  out  to  sea  by  the  harmattan. 

The  mean  cloud  presence  Is  l».5  to  6.1  during  the  year  (on  a  scale  of  0  to 
10,  where  0  means  clear  skies  and  10  means  overcast). 

9.  Hean  sea  surface  temperatures  range  between  a  high  of  82®F  In  fall  and 
a  low  of  76°F  in  spring.  From  spring  to  fall,  mean  temperatures  remain 
above  80°F.  Throughout  the  year,  maximum  temperatures  remain  about  8AeF. 

10.  Visibility  at  Location  F  Is  poor  during  the  dry  season's  harmattan 
haze  (dust  haze),  reducing  visibility  to  a  mere  mile  for  several  days  at  a 
time. 

The  poorest  general  visibility  occurs  In  spring  when  visibility  of 
more  than  10  nautical  miles  was  recorded  In  about  71  percent  of  observations, 
26  percent  were  between  S  and  10  nautical  miles,  2  percent  between  2  and  5 
nautical  miles,  and  1  percent  less  than  1  nautical  mile.  The  clearest 
season,  fall,  has  visibility  of  more  than  10  nautical  miles  for  80  percent 
of  observations,  while  visibility  of  less  than  5  miles  occurred  during 
about  2  percent  of  observations. 

11.  The  maximum  number  of  hours  of  daylight,  occurring  In  June,  Is  \2H 
hours.  The  minimum  number  of  daylight  hours  occurring  In  late  December  Is 
I \h  hours. 


12.  At  the  location,  water  depth  Is  no  more  than  about  1000  fathoms. 
Eastward  towards  the  Guinea  coast  a  steep  slope  extsts  bringing  the  sea 
floor  to  shallow  depths  and  westward  the  depth  quickly  drops  to  2000  fath¬ 
oms.  Surface  salinity  remains  about  parts  per  thousand  throughout  the 
year. 
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PART  II.  SUMMER  (AUGUST)  CLIMATOLOGY  OF  THE  SOUTHEASTERN 
NORTH  ATLANTIC!  9*30»  N,  '6*0*  W  (OFF  GUINEA) 

The  following  data  graphs  are  derived  primarily  from  Volume  2  of  the 
West  African  and  Selected  Island  Coastal  Marine  Areas  (Area  9)  of  Reference 
S  for  the  worst  wind/wave  season,  August.  Figure  F-4a  Is  adopted  from 
Reference  18.  Figure  F- 11b  Is  adopted  from  Reference  3. 
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Figure  F*)i  *  Visibility 
Cumulative  Distribution 
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Figure  F*3c  ■  Visibility 
by  Wind  Direction 
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Figure  F-3b  *  Visibility 
Dlurnel  Variation 
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Figure  F-3d  -  low  Visibility 
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Figure  F-3e  -  Visibility  Persistence 
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Figure  F-5*  -  Cloud  Amount*  - 
Cumulative  Distribution 
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Figure  F-5b  -  Mean  Cloud  Amount.* 


Figure  F-5c  -  6ood  Cloud  Conditions 
Dlurnel  Varlatl>n 


■ 

■ 

■ 

mwiil 

■ 

■ 

■ 

111 

H 

■ 

■ 

B 

B 

■ 

■ 

■ 

WOm 

B 

■ 

■ 

■ 

ma 

■ 

H 

■ 

■ 

■ 

■■ 

■ 

H 

i 

■ 

■ 

■ 

■ 

U 

H 

■ 

■ 

■ 

■ 

HI 

n 

■ 

■ 

■ 

■ 

Hi 

(B 

■ 

■ 

■ 

■ 

■ 

W 

m 

■ 

<2Q  **0  '«0  -40  ICO 

(•*) 


Figure  F-ba  -  Air  Temperature  - 
Cumulative  Distribution 


Figure  F-bc  -  Hern  Air  Temperature 
by  Wind  Direction 


Figure  F-7b  -  Precipitation 
by  Wind  Direction 
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Figure  F-lle  -  Low  Pressure  Centers  Figure  F-llb  -  Tropical  Cyclones 
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Figure  F-llc  -  Thunder»torm$ 
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Figure  F-12a  -  Concentration 


Figure  F— 12b  -  Icebergs 


Figure  F-13a  -  Percentage  frequency 
of  moderate  and  severe  potential 
for  superstructure  Icing 
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PART  I,  GENERAL  MARINE  CLIMATOLOGY  OF  THE  NORTH 
PACIFIC:  50*n,  I80*W  (OFF  THE  ALEUTIANS) 


1.  A  general  climatology  for  the  oceanographic  area  defined  by  50"N,  l80°W 
Is  developed.  The  area  Is  denoted  as  Location  G  on  Figure  G-l  and  Is  con¬ 
sidered  Important  to  U.S.  Navy  operations  because  of  Its  proximity  to  the 
Soviet  Union  and  as  a  gateway  to  the  Orient.  The  primary  data  sources  are 
References  5,  6,  19.  and  20. 

2.  Location  G  Is  situated  near  (south  of)  the  Aleutian  Islands  which  ex¬ 
tend  over  a  distance  of  900  miles  and  are  located  south  of  the  Alaska  pen¬ 
insula  and  the  Bering  Sea.  This  location  places  the  Island  chain  Inside  a 
major  typhoon  route  which  brings  severe  storms  to  the  area.  Thick  weather 
Is  prevalent  and  the  currents  and  tidal  streams  In  the  vicinity  are  strong, 
making  navigation  difficult.  The  temperatures  In  the  area  vary  because  of 
the  Alaska  currents  and  typhoons.  There  Is  not  a  strong  spring  or  fall, 
and  the  summer  season  Is  a  short  one  with  hazardous  climatic  conditions 
such  as  fog  and  fresh  winds.  The  Islands  and  surrounding  waters  have  been 
relatively  unexplored  and  may  contain  many  unknown  dangers.  Thus,  there 

Is  a  lack  of  recorded  Information  for  this  region,  especially  over  the 
open  sea  where  what  records  exist  are  Incomplete  and  thus  potentially 
misleading. 

3.  A  coastal  current,  known  as  the  Alaska  current,  which  Is  an  offshoot  of 
the  generally  eastward  drift  of  warm  current  across  the  middle  latitude  of 
the  North  Pacific,  flows  westward  along  the  Islands  on  the  south  shore  and 
eastward  on  the  north  shore,  see  Figure  G- 1 .  The  direction  of  the  current 
Is  Influenced  by  the  direction  of  the  wind  and  the  current  speed  Is  gener¬ 
ally  less  than  1  knot.  Between  some  islands  there  are  intermixing  currents 
which  generally  move  In  a  northward  direction.  At  location  G,  the  current 
Is  from  the  north  to  northeast  and  In  general  varies  little  throughout  the 
year. 

A.  The  Aleutian  Low  is  the  dominating  pressure  system  Influencing  weather 
near  the  Aleutian  Islands.  It  Is  separated  from  the  Icelandic  Low  which 
dominates  the  weather  over  the  northern  Atlantic  by  the  high  pressure  system 
over  North  America.  The  Aleutian  Low  is  weakest  In  summer  when  there  Is 
merely  a  low  pressure  trough  extending  over  northeastern  Siberia.  Figure 


G-2 


G-2  indicates  the  mean  seasonal  sea  level  pressures  and  storm  tracks  for 
the  area  surrounding  Location  G.  Values  range  from  about  1000  millibars 
In  winter  (February)  to  1012.5  millibars  in  summer  (August). 

5.  The  area  around  the  Aleutian  Islands  Is  one  of  the  stormiest  regions  In 
the  Northern  Hemisphere.  Gales  at  sea  are  frequent  from  fall  to  spring. 
Violent  squalls  from  the  coastal  mountains  occur  regularly.  Wind  direc¬ 
tions  are  variable*  though  winds  from  the  southwest,  west,  and  northwest 
are  slightly  more  common.  Gale  force  winds  of  knots  or  more  occur  1J» 
percent  or  more  of  the  time  In  winter,  k  percent  or  more  In  spring,  1  per¬ 
cent  or  more  In  summer,  and  13  percent  or  more  In  fall. 

Mean  wind  speed  drops  In  spring  aqd  summer  to  between  1A  and  16  knots 
from  the  mean  winter  and  fall  speed  of  21  knots. 

6.  The  wave  heights  accompanying  the  fall  and  winter  gale  force  winds 
have  been  observed  to  be  as  great  as  25  feet.  Generally  the  sea  direction 
Is  similar  to  the  wind  direction  though  some  swells  as  large  as  20  feet  or 
more  may  be  expected  from  the  east  and  southeast  In  winter  and  fall.  In 
general,  due  to  the  great  possible  fetch  at  Location  G,  swell  could  be 
expected  from  any  remote  Intense  Northern  Pacific  storms.  In  winter, 
nearly  30  percent  of  all  observed  waves  exceed  12  feet  and  generally  have 
periods  of  8  to  13  seconds.  In  spring,  less  than  10  percent  of  observed 
waves  exceed  12  feet  and  periods  appear  to  be  variable.  In  summer, 
probably  less  than  5  percent  of  all  waves  exceed  12  feet  and  periods  are 
variable.  In  fall,  nearly  30  percent  of  all  observed  waves  exceed  12  feet 
but  have  a  somewhat  wider  period  range  than  In  winter  which  may  Indicate 
less  persistent  winds.  Figure  G-3  summarizes  the  seasonal  wave  height 
occurrences  at  Location  G. 

7-  In  winter,  the  precipitation  occurrence  Is  very  high  with  about  30  per¬ 
cent  of  all  observations  reporting  precipitation  and  about  70  percent  of 
these  reporting  snow.  In  spring,  more  than  15  percent  of  observations 
reported  precipitation  and  about  10  percent  of  these  noted  snow.  No  snow 
was  reported  In  summer  but  15  percent  of  observations  reported  precipita¬ 
tion.  In  fall  nearly  25  percent  of  observations  reported  precipitation, 

30  percent  of  which  were  snow. 

8.  This  Is  one  of  the  foggiest  regions  In  the  world.  Sea  fogs  are  trans¬ 
ported  southward  by  winds  though  they  may  persist  even  when  the  northward 
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wind  Is  strong.  Conditions  generally  Improve  when  the  wind  shifts  eastward 
or  southeastward.  The  main  foggy  seasons  are  spring  and  summer,  with  the 
worst  conditions  occurring  between  June  and  August  when  fog  envelopes  the 
Islands  nine  days  out  of  ten. 

9.  Although  the  climate  to  the  north  In  the  Bering  Sea  Is  rather  extreme, 
winter  becomes  progressively  milder  and  summer  progressively  cooler  west¬ 
ward  along  the  Aleutian  Islands.  The  mean  maximum  temperature  at  Location 
G  ranges  from  37®F  In  winter  to  57“F  In  summer  and  the  mean  minimum,  29°F 
in  winter  and  l»6°F  In  summer.  Humidity  Is  generally  high,  ranging  from 
mean  values  of  56  percent  In  winter  to  kO  percent  In  spring. 

10.  The  sea  surface  temperature  Is  higher  than  the  air  temperature  most  of 
the  year  except  In  spring  and  summer  when  the  reverse  Is  true.  The  mean 
sea  temperatures  are  about  37°F  In  winter,  4 1 0 F  in  spring,  53®F  In  summer 
and  l»3“F  In  fall.  The  coldest  water  temperatures  are  registered  In  spring 
when  the  Ice  begins  to  melt,  sending  very  cold  water  and  Ice  southward.  A 
person  In  ordinary  clothes  and  life  preserver  may  be  expected  to  survive 

In  the  waters  about  Location  ft  only  about  30  to  90  minutes  In  winter  and 
spring,  1  to  6  hours  In  summer,  and  1  to  3  hours  In  fall.  Exhaustion  or 
unconsciousness  will  set  In  probably  In  half  that  time.  Generally  Ice  Is 
not  expected  In  the  area  about  Location  G  In  winter  though  moderate*  super¬ 
structure  Icing  In  winter  should  be  expected  for  more  than  6  percent  of 
the  time.  In  fall,  moderate  superstructure  icing  Is  a  very  rare  occurrence. 
In  spring  small  pieces  of  floating  ice  might  pass  through  the  Islands, 
from  the  Bering  Sea,  towards  Location  G. 

11.  Visibility  Is  poor  during  foggy  days  and  Is  nearly  always  low  at  dawn. 
Fog  originates  in  the  North  Pacific  between  1*0  and  50°N  and  Is  carried 
towards  Location  G  and  the  Aleutians  by  southerly  winds.  Wind  shifts  to 
the  west  or  north  may  Improve  the  visibility  loss  due  to  this  persistent 
fog  In  spring  and  summer. 

In  winter,  visibility  is  less  than  2  nautical  miles  In  over  10  per¬ 
cent  of  observations  and  5  nautical  miles  or  greater  In  over  70  percent  of 

♦Moderate  here  means  a  buildup  of  less  than  one-tenth  of  an  Inch  per 
hour  and  Is  derived  from  observations  with  temperature  less  than  or  equal 
to  28°F  and  wind  speed  greater  than  or  equal  to  13  knots. 


observations.  In  contrast,  In  summer,  visibility  Is  less  than  2  nautical 
miles  In  about  30  percent  of  observations  and  §  nautical  miles  or  greater 
In  only  about  50  percent  of  observations. 

12.  The  maximum  number  of  daylight  hours  occurs  In  June  and  Is  slightly 
more  than  16  hours.  The  minimum  number  of  daylight  hours  Is  about  8  hours, 
which  occurs  In  late  December. 

13*  Navigation  near  the  Aleutians  can  be  hazardous  since  the  bottom  of 
the  sea  Is  rocky  and  the  boulders  unmarked  by  kelp.  The  island  chain  Is 
part  of  a  volcanic  ridge  that  descends  Into  the  Aleutian  Trench  and  can 
produce  earthquakes  and  tsunamis.  The  water  depth  at  Location  G,  located 
In  the  Trench,  Is  3000  fathoms.  In  summer,  the  Aleutian  Islands  serve  as 
a  rookery  for  seals. 
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Figure  G-la  -  Sea  Height  by 
Wind  Direction 


Figure  G-lb  -  Sea  Height 
Cumulative  Distribution 
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Figure  G-lc  -  Mean  Sea  Height 
by  Wind  Speed 


Figure  G-Id  -  Swell  Height 
by  Direction 
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Figure  G-le  -  Swell  Height 
Cumulative  Distribution 


Figure  G-lf  -  Wave  Height 
and  Period 
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Figure  G-lg  -  Return  Periods 
for  High  Waves 
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Figure  G-2a  -  Wind  Speed 
by  Direction 


Figure  G-2b  -  Return  Periods 
for  Hex  I  mum  Sustained  Winds 
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Figure  G-2c  -  Wind  Direction  * 
Diurnal  Variations 


Figure  G'2d  -  Wind  Speed  - 
Diurnal  Variation 
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Figure  0-2*  *  Gale  Persistence 
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Figure  G~3b  -  Visibility 
Diurnal  Variation 
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Figure  G-3l  -  Visibility 
by  Wind  Mrcctlon 


Figure  G-3d  -  Low  Visibility 
and/or  Celling  Height 
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Mean  Surface  Current  Speeds  and  Prevailing  Directions 


Figure  G-5»  "  Cloud  Amounts  - 
Cumulative  Distribution 


NOT  AVAILABLE 


NOT  AVAILABLE 


G-18 


Figure  G-5b  -  Mean  Cloud  Amounts 


Figure  G~5c  -  Good  Cloud  Conditions 
Diurnal  Variation 
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Figure  G-lOa  -  Fog  versus 
Wind  Direction 
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Figure  G-lOb  -  Fog  versus  Air 
Sea  Temperature  Difference 
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Figure  G-1 


a  -  Low  Pressure  Centers  Figure  G-1 1 b  -  Extratroplcal  Cyclones 
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Figure  G-llc  -  Thunderstorms 
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Figure  G-I3a  -  Percentage  frequency 
of  moderate  and  severe  potential 
for  superstructure  Icing 
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APPENDIX  H 

MARINE  CLIMATOLOGY  OF  THE  CARIBBEAN! 
20'itS'  -  21o50'n,  80"  -  86 ®w  (OFF  CUBA) 
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PART  I.  GENERAL  MARINE  CLIMATOLOGY  OF  THE  CARIBBEAN 
SEA:  20*1*5 1  -  21*50%  80-86*w  (OFF  CUBA) 


1.  A  general  climatology  for  the  oceanographic  area  defined  by  20“l*5‘  - 
21*50'H,  80*-86“W  Is  developed.  The  area  Is  denoted  as  Location  H  on 
Figure  H-I  and  Is  considered  Important  to  U.S.  Navy  operations  because  of 
its  proximity  to  Florida  and  Cuba.  The  prime  data  sources  are  Reference  3> 
12,  18,  21,  and  22. 

2.  The  major  currents  of  concern  here  are  Illustrated  In  Figure  H-l.  A 
branch  of  the  North  Equatorial  Current  flows  westward  through  the  South 
Caribbean  at  about  1  knot.  A  second  weaker  branch  Is  the  Antilles  Current, 
which  flows  northwestward  north  of  the  Caribbean  Islands  at  about  k  knot. 
Both  branches  Join  the  Gulf  Current  and  flow  northward  at  2.5  to  2.8  knots, 
the  flow  becoming  variable  near  the  Island  of  Cuba.  Tidal  ranges  are  very 
small,  the  maximum  seasonal  change  In  high  or  low  tide  being  generally  less 
than  2  feet. 

The  ocean  currents  about  Location  H  tend  to  move  In  a  southeastward 
direction.  In  general,  at  a  speed  of  less  than  0.7  knot.  They  have  a 
tendency  to  travel  eastward  In  northern  regions  and  then  change  to  a  south- 
westward  direction  In  the  southern  regions. 

3.  The  region  is  located  to  the  southwestern  and  western  side  of  a  clock¬ 
wise  circulation  of  the  middle  Atlantic  area  (commonly  referred  to  as  the 
"Bermuda  or  Azores  High")  and  lying  within  the  northeast  tradewind  belt. 
There  occur,  during  summer  months,  the  "bayamos,"  which  are  types  of  par¬ 
ticularly  violent  thundersqual is  consisting  of  brief  but  violent  blasts  of 
wind  accompanied  by  lightning,  thunder,  torrential  rain  and  whitened  sea- 
foam.  Some  storms  may  build  Into  hurricanes  (winds  of  65  knots  or  more), 
causing  winds  of  over  150  knots,  in  general,  hurricanes  are  considered 
the  most  severe  climatological  occurrence  for  the  area.  They  are  consider¬ 
ed  hazardous  to  all  forms  of  surface  and  air  naval  operations  due  to  the 
high  winds  and  seas,  torrential  rains,  disrupted  currents,  and  low  visibili¬ 
ties.  The  frequency  of  occurrence  of  such  storms  In  the  North  Atlantic, 

Gulf  of  Mexico,  and  Caribbean  is  as  low  as  one  storm  recorded  In  1890  and 

as  high  as  21  recorded  in  1933.  When  considering  Location  H  alone,  the 
maximum  occurrence  is  somewhat  less,  in  winter  (January)  and  spring 
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(April)  It  Is  highly  unlikely  that  a  hurricane  will  occur,  while  In  sunrner 
(July)  there  Is  a  slight  1  percent  frequency  of  occurrence,  and  In  fall 
(October)  a  more  significant  26  percent  frequency  of  occurrence.  Unfortu¬ 
nately  comprehensive  sets  of  climatological  (air  and  sea)  observations 
during  such  storms  do  not  exist. 

The  seasonal  variation  of  mean  sea  level  pressures  and  mean  storm 
tracks,  where  known,  is  shown  In  Figure  H-2.  The  diurnal  pressure  variation 
Is  generally  between  2  and  k  millibars.  A  fall  In  pressure  of  more  than 
k  millibars  should  be  taken  as  a  warning  of  the  possible  development  or 
approach  of  a  tropical  storm. 

4.  Westward  (that  Is,  from  the  east  and  towards  the  west)  winds  predomin¬ 
ate  from  January  through  September,  decrease  In  August  and  In  September 
increase  again  before  shifting  to  a  predominately  southwesterly  wind  until 
January  when  predominant  wind  direction  shifts  back  to  the  west.  While 
westward  winds  may  occur  up  to  kO  percent  of  the  time  for  any  particular 
month,  southward  and  northwestward  winds  may  account  for  about  10  to  20 
percent  each.  Throughout  the  year,  westward  or  southwestward  winds  are 
dominant.  Gale  force  winds  of  3k  knots  or  more  seldom  occur.  The  highest 
Incidence  of  winds  over  17  knots  occurs  between  November  and  March  (up  to 
30  percent  of  observations).  The  lowest  mean  speeds  are  observed  in  July, 
August  and  September. 

At  Location  H,  winds  of  17  knots  or  more  occur  2k  percent  of  the  time 
In  winter,  18  percent  of  the  time  in  spring,  6  percent  of  the  time  In 
summer  and  18  percent  of  the  time  In  fall. 

5.  The  sheltering  effect  of  the  land  mass  to  the  North  of  Location  H 
results  In  waves  of  generally  low  height  and  the  see  direction  generally 
coincides  with  the  wind  direction.  In  winter,  less  than  1  percent  of  all 
waves  observed  exceed  12  feet  while  the  other  seasons  show  even  less 
occurrence,  see  Figure  H-3*  Occasional  swells  from  the  east  and  southeast 
are  observed  throughout  the  year  and  are  generally  less  than  6  feet  In 
height.  Unfortunately  the  higher  seas  and  swells  associated  with  hurricanes 
are  rarely  recorded.  The  most  probable  wave  periods  throughout  the  year 
are  less  than  7  seconds.  In  general,  short  "choppy"  waves  should  persist 

at  Location  H. 


6.  As  a  rule,  rainfall  at  Location  H  occurs  at  night  or  In  the  early 
morning  hours.  Heavy  and  prolonged  showers  seldom  occur.  The  Islands  of 
the  Caribbean  receive  much  more  rain  than  the  surrounding  waters. 

7.  Fog  is  rare  In  this  region.  However,  salt  particles  thrown  up  by  the 
sea  after  a  period  of  prolonged  rough  seas  may  form  a  haze  as  thick  as  a 
light  fog.  This  white-water  vapor  haze  Is  formed  by  fine  droplets  of  water 
with  the  salt  particles  as  nuclei. 

8.  The  average  dally  temperature  Is  about  76*F  during  the  winter  and  84*F 
during  the  summer.  Occasionally  It  exceeds  90*F  during  the  summer.  The 
average  humidity  Is  75  percent,  ranging  from  60  percent  during  the  day  to 
$0  percent  at  sunrise.  The  climate,  however,  Is  not  oppressive  despite 
high  temperatures  and  high  humidity  because  of  the  dependable  breezes  from 
the  tradewlnds. 

9.  The  mean  sea  surface  temperatures  range  between  about  82*F  In  winter 
and  86*F  In  fall.  Maximum  and  minimum  temperatures  vary  by  only  about  two 
degrees  throughout  the  year,  with  winter  showing  the  greatest  difference 
(k'F). 

10.  Visibility  In  the  direction  of  the  sun  1s  poor  at  times  due  to  the 
presence  of  the  white-water  vapor  haze.  V  blUty  Is  always  better  away 
from  the  tun  or  on  days  when  a  cloud  cover  c  structs  the  sun's  rays. 
Generally,  visibility  Is  greater  than  5  nautical  miles  for  90  percent  of 
observations  throughout  the  year.  There  are  few  readings  for  visibility 
of  lest  then  one  mile.  In  the  month  of  worst  visibility  (April),  2  per¬ 
cent  of  observations  are  between  1  and  2  nautical  miles,  8  percent  are 
between  2  and  5  nautical  miles,  60  percent  are  between  5  end  10  nautical 
miles  and  30  percent  between  10  and  25  miles. 

11.  The  maximum  number  of  daylight  hours  Is  slightly  more  then  13  hours 
occurring  In  mid-June.  The  min  I  mum. number  of  daylight  hours  Is  about  11 
hours,  occurring  In  mid-December. 

12.  At  Location  H,  water  depth  It  greater  than  2000  fathoms  and  the  bottom 
Is  mostly  mud  mixed  with  tend.  To  the  north  of  Location  H,  the  sea  floor 
rises  to  500  fathoms  and  emerges  as  the  Isle  de  Pinos  and  a  string  of  much 
smaller  Islands  Just  south  of  western  Cube,  ftee't  should  be  expected  near 
these  Islands.  To  the  south  of  Location  H,  the  see  floor  rites  to  a  depth 
of  100  to  500  fathoms  In  several  placet  while  to  the  west,  In  the  Yucatan 


channel,  a  passage  of  a  depth  of  about  500  fathoms  exists.  Han-eatlng 

fish  such  as  shark  and  barracuda  Infest  these  waters. 

13.  Salinity  Is  almost  36  parts  per  thousand.  Seasonal  variation  Is 

generally  smal 1 . 


-  Mean  Sso  Lave!  Pretture  in  Millibari 

-  Primory  troclc,  olong  which  thero  hoi  been  maximum  concentration  ol  individual  itorm  center  path* 

-»■  Secondary  track,  along  which  thero  hoi  been  moderate  conesntration  of  individual  itorm  center  pothi 

Figure  H-2  -  Seasonal  Mean  Sea  Level  Pressures  and  Storm  Tracks 
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WAVE  HEIGHT,  FT. 


Figure  H-3  -  Saa tonal  Wav*  Height  Exceedances 


PART  II.  WINTER  (JANUARY)  CLIMATOLOGY  OF  THE  CARIBBEAN: 
20*45'  -  21  *50 * N >  80°  -  86* w  (OFF  CUBA) 


The  following  data  graphs  are  derived  primarily  from  Reference  22  for  the 
worst  wind/wave  season,  January.  Figure  H-*ia  Is  adopted  from  Reference  18. 
Figures  H- 11a  and  H- lib  are  adopted  from  Reference  3« 
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Figure  H-le  -  Swel I  Height 
Cumulative  PI »tr I  but  Ion 


Figure  H-lf  -  Wave  Height 
and  Period 
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Figure  H-lg  -  Return  Perloda 
for  High  Wave* 
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Figure  H-2»  -  Wind  Speed 
by  Direction 


Figure  M*2b  -  Return  Period* 
for  Hex  I mum  Sustained  Wind* 
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figure  H*le  *  Wind  Direction  • 
Diurnal  Varletlon* 


Figure  H-ld  •  Wind  bpeed 
Dlurnel  Variation 
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Figure  H-2f  -  Wind  Speed 
Olurnei  Verletlon 
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figure  H*5§  *  Cloud  Amount*  * 
Cumulative  Distribution 


NOT  AVAILAlie 


NOT  AVAILAIU 


figure  M-5b  ■  Mean  Cloud  Amount* 


figure  H»$c  -  Good  Cloud  Condition* 
Diurnal  Variation 
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Fluor#  H-6e  -  Air  Temperature  * 
Cumulatlva  Distribution 


Flgur#  H-6b  -Air  Temperature 
Diurnal  Variation 
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Figure  H-6c  -  Mean  Air  Temperature 
by  Wind  Direction 
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Figure  H-6d  -  Air  Temperature 
and  Gales 


Figure  H-6e  -  Sea  Surface 
Temperature 
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Figure  H*6f  -  Relative  Humidity 
Olurna!  Variation 


Figure  H-6g  -  Relative  Humidity 
Cumulative  Distribution 
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Figure  H-7a  -  Precipitation  Figure  H-7b  -  Precipitation 

by  Type  by  Wind  Direction 
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Figure  H-7c  -  Precipitation 
Diurnal  Variation 
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Figure  H-lOa  -  Fog  versus 
Wind  Direction 
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Figure  H-I0b  -  Fog  versus  Air 
Sea  Temperature  Difference 
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APPENDIX  I 

MARINE  CLIMATOLOGY  OF  THE  STRAIT  OF  MALACCA: 
O'Hj  106#E  (off  SINGAPORE) 
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PART  I.  GENERAL  MARINE  CLIMATOLOGY  OF  THE  STRAIT 
OF  MALACCA?  °*N,  !°6*e  (OFF  SINGAPORE) 


1.  A  genera)  climatology  for  the  oceanographic  area  defined  by  0®N,  106°E 
Is  developed.  The  area,  to  the  southeast  of  the  Strait  of  Malacca,  Is 
denoted  as  Location  I  on  Figure  l-l  and  Is  considered  Important  to  U.S. 

Navy  operations  because  of  Its  proximity  to  Singapore,  as  well  as  to  South¬ 
east  Asia  and  Australia.  The  prime  data  sources  are  References  5,  6,  16, 

23 i  and  24. 

2.  The  characteristic  features  of  the  climate  In  the  vicinity  of  Singapore 
and  Location  I  are  uniform  temperature  and  pressure,  and  high  humidity  and 
copious  rainfall.  There  Is  not  a  large  temperature  variation  throughout 
the  year,  nor  are  there  noticeable  dry  and  wet  seasons  as  Is  usual  In 
tropical  areas.  The  Strait  of  Malacca  Is  within  the  limits  of  the  north¬ 
east  (November  to  April)  and  southwest  (May  to  October)  monsoons  of  the 
Indian  Ocean.  However,  these  monsoons  are  only  regular  when  they  are  at 
their  height  In  the  adjacent  seas.  Winds  are  generally  moderate  and  vari¬ 
able  In  the  strait  Itself  and  last  only  part  of  the  day,  except  near  Singa¬ 
pore  where  monsoons  become  more  regular.  During  the  southwest  monsoon  the 
weather  Is  cloudy  and  rainy. 

3.  The  ocean  currents  of  concern  here  are  Illustrated  on  Figure  l-I. 

During  the  northeast  monsoon  (January)  and  the  transition  period  (April)  to 
the  southwest  monsoon,  the  current  about  Location  1  flows  from  the  north¬ 
west.  During  the  southwest  monsoon  (July)  the  current  flows  from  the 
southeast.  During  the  transition  to  the  northeast  monsoon  (October)  the 
current  flows  from  the  north.  Regardless  of  direction,  the  currents  pass¬ 
ing  through  Location  I  are  generally  traveling  at  less  than  1  knot. 

4.  There  are  no  large  pressure  variations  throughout  the  year  at  Location 
I,  see  Figure  1-2.  Extreme  mean  sea-level  values  recorded  over  a  period 
of  30  years  are  1002.0  and  1016.9  millibars. 

5.  Gale  force  winds  of  34  or  more  have  occasionally  been  observed  at 

Location  I  during  the  northeast  (January)  and  southwest  (July)  monsoons. 

The  transition  months  generally  have  llghte-  winds.  During  the  northeast 
monsoon,  92  percent  of  observed  winds  are  less  than  17  knots  and  are 
primarily  from  the  northwest,  north,  and  northeast.  During  the  southwest 
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monsoon,  96  percent  of  the  winds  are  less  than  17  knots  and  are  primarily 
from  the  east,  southeast  and  south.  During  the  transition  months  the  98 
to  99  percent  of  the  winds  are  less  than  17  knots  and  the  direction  Is 
more  variable. 

6.  Generally,  it  Is  expected  that  sea  direction  will  coincide  with  wind 
direction  at  Location  1.  Due  to  the  landlocked  position  of  the  location, 
swells  are  not  expected.  During  the  northeast  monsoon,  no  waves  exceeding 
7  feet  have  been  observed  and  the  periods  are  always  less  than  9  seconds. 
During  the  southwest  monsoon,  somewhat  higher  waves,  e.g.,  up  to  9  feet, 
have  been  observed,  but  the  periods  never  exceed  7  seconds.  These  slightly 
steeper  waves  may  be  caused  by  somewhat  more  severe  but  less  persistent 
winds  during  the  southwest  monsoon.  During  the  April  transition  period,  no 
waves  over  6  feet  have  been  observed  and  the  periods  are  always  9  seconds 
or  less.  During  the  October  transition  period,  waves  of  up  to  7  feet  In 
height  and  occasionally  periods  greater  than  9  seconds  have  been  observed. 
Figure  1-3  Illustrates  the  seasonal  variation  of  wave  height  at  Location  1. 

7.  Rainfall  can  take  place  at  any  time  In  the  general  area.  There  Is  an 
average  of  about  1 80  rainy  days  per  year  at  Singapore  and  the  annual  rain¬ 
fall  Is  95  inches  or  more.  Therefore,  over  the  sea  at  Location  I,  laige 
amounts  of  rain  should  be  expected. 

There  Is  no  distinct  dry  or  wet  season,  though  a  greater  amount  of 
precipitation  Is  observed  with  the  northeast  monsoon  (lA  percent). 

Thunderstorms  are  observed  throughout  the  year,  and  most  commonly 
during  the  southwest  monsoon  (6.3  percent  of  observations).  Accompanying 
these  storms  may  be  a  sharp  drop  in  temperature  and  a  sudden  rise  In 
barometric  pressure. 

8.  Though  Location  I  is  located  near  the  Equator,  temperatures  are  not 
very  high.  They  range  from  a  dally  mean  of  80°F  In  January  to  more  than 
82°F  In  April  and  July.  The  mean  yearly  difference  between  day  and  night 
temperature  Is  on  the  order  of  2*F. 

Relative  humidity  is  high  and  persistent  at  Location  I  being  always 
above  80  percent. 

9.  fog  has  occasionally  been  observed  at  Location  I.  Haze  extending  to 
about  5000  feet  throughout  the  year  Is  most  frequent  In  the  transition 
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1  Wave  Height  Exceedances 

PART  II.  WINTER  (JANUARY)  CLIMATOLOGY  OF  THE  STRAIT  OF 
MALACCA:  0*  Nj  106°e  (oFF  SINGAPORE) 


The  following  data  graphs  are  derived  primarily  from  Volume  I  of  the 
Indonesian  Coastal  Marine  Areas  (Area  5)  of  Reference  5  for  the  worst  wind/ 
wave  season,  January.  Figure  l-**a  Is  adopted  from  Reference  16. 
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Figure  l-1d  ■  Swell  Height 
by  Direction 
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Figure  I - 1 g  -  Return  Periods 
for  High  Waves 
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Figure  I  —  1 e  -  Swell  Height 
Cumulative  Dl str . mutton 


Figure  1-1 f  -  Wave  Height 
and  Period 
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Figure  l-5«  *  Cloud  Amount*  - 
Cumulative  Distribution* 
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l-5b  *•  Hean  Cloud  Amount*  Figure  -  I -5c  -  Cood  Cloud  Condition* 

Diurnal  Vnrletfon 
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Figure  1-6#  -Air  Temperature  - 
Cumulative  0 1  •  t  r  I  but  I  on 


I 


■  «  I  Hi  lr  •  «  u 


HIM 


Figure  I -6c  -  Mean  Air  Temperature 
by  Wind  Direction 
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Figure  I -9b  -  Celling  Height 
Diurnal  Variation 
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Figure  1-1 


•  -  Low  Pressure  Centers.  Figure  1-1 1b  -  Tropical  Cyclones 
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Figure  I -He  -  Thunderstorms 
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Figure  I-I2a  -  Concentration 


Figure  I  - 1 2b  -  Icebergs 
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Figure  1-13#  -  Percentage  frequency 
of  moderate  and  severe  poten* la  I 
for  superstructure  Icing 
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Parti  II  of  aaeh  of  Appendical  A  through  I  contain,  where  pottlblo, 
the  following  natural  environment  data  dlitrlbutloni  for  that r  reipoctlve 
oceanographic  location, 

1.  IIA  ITATI 

a,  Saa  Height  by  Wind  Direction 

b.  laa  Malfht  -  Cumulative  Dlitrlbutlon 
«,  Haan  tea  Haight  bv  Wind  Speed 

d,  twoll  Halfht  by  Dlractlon 
a.  Dwell  Halfht  •  Cumulative  0 1  at  r  I  tut  lor» 
f.  Wave  Halfht  and  Period 
f,  Paturn  Period!  for  High  Wavai 

2,  WIHO 

a,  wind  Speed  by  Direction 

b,  Aetvrn  Period!  for  Healmum  luitalnad  Wind* 
r, ,  wind  Olractlon  *  Oturnal  Variation! 

d.  wind  fpaad  *  Diurnal  Variation 
a,  flala  Paulttence 
}.  V I » I » I L I  TV 

a,  VlilbIHty  •  Cumulative  OUtrlbullon 

b,  VlilbIHty  -  Diurnal,  Variation 

c,  VlilbIHty  by  wind  Olraatlon 

d,  Low  VlilbIHty  and/or  Celling  Halfht 
a.  VlilbIHty  Porilitence 

k,  CUAPKNT 

a,  Mean  fur  fata  Currant  Ipaadi  and  Prevailing  Dlractloni 
».  CLOUD  tOVf A 

a,  Cloud  Amount!  *  Cumulative  Dlitrlbutlun 

b,  Haan  Cloud  Amount! 

«,  Load  Cloud  Condition!  •  Diurnal  Variation 

l.  TIHHMTVM,  HUHIOITV 

a,  Air  Temperature  *  Cumulative  Dlatrlbullon 
b>  Air  Temperature  *  Diurnal  Variation 
«.  Haan  Air  Temperature  by  Wind  Direction 
d.  ,'.lr  Temperature  end  dele! 
a  *e#  lurfece  Tamparatura 

J-f 


»  r**d  - « 


f.  Relative  Humidity  -  Diurnal  Variation 
f.  Relative  Humidity  -  Cumulatlva  Dlatrfbutlon 
7.  MIC  IMITATION 

a.  Precipitation  by  Tyoa 
0.  Preclpltat Ion  by  Wind  Olraetlon 
a.  Precipitation  •  Diurnal  Dlraetlon 
I.  IIA  LCVIL  PAflltlM 

a.  laa  Laval  Preaaure  *  Cumulatlva  Oletrlbutlon 
9.  Cl I  LIND 

a.  Call lnp  Helpht 

I.  Cal  I Inp  helfht  ■  Diurnal  Variation 

to,  poo 

a,  Pop  verau*  Wind  Olraetlon 

b.  Po#  varaua  Air  •  laa  Tamparatura  Difference 
It.  ITOAmi 

a,  Low  Preaaure  Camera 
h.  let  rat rop I  eel  (or  Tropical)  Cyclone* 
a.  Thunder* torma 
12.  ICS 

a,  Concent  rat  Ion 

b.  leal »arp« 

I).  IUPIRITAIM.TUAI  ICINO 

a,  Percentage  freeuenay  of  moderate  and  aavara  potential  for 
auparatructura  Icing. 

A  daaarlptlan  of  each  of  the  itendard  fraph  typaa  la  now  given.  Thaaa 
daaarlptlana  aheuld  Pa  referred  to  In  Intarpretlnf  the  data  proaantad  In 
nppanaiaa*  a  through  I.  Generally,  a  "atanderd"  format  ha'  lean  adhered 
to  for  each  environmental  parameter  at  each  ocean  location.  However,  due 
to  the  multiplicity  af  data  eouraei,  earn*  eaieptlon*  do  anlat.  Thaaa  are 
clearly  annotated  a*  they  occur  within  each  Append  In, 

I.  lee  Hate 

Wave*  era  lenerelly  divided  into  two  aeteforlea.  wave*  are  thaaa 
which  are  lanaratad  by  the  lend  wind*,  Iwail  wave*  are  thaaa  trttlah  have 
traveled  beyond  their  aourae  region,  Ilfnl fluent  wave  holfhta#  tdtleh  ere 
the  one*  lenerelly  ubaerved,  repreicnt  the  hlgheat  one’thlrd  of  all  wave* 


present.  Occasional  extreme  wava  may  reach  1.6  time*  the  significant 
height.  Whan  overall  wave  summaries  are  given,  the  higher  of  sea  or  swell 
Is  shown;  when  heights  are  equal ,  the  longer  period  Is  used.  Because  of 
the  trl*varlate  nature  of  the  wave  observation  (direction,  period,  height) 
the  wave  presentations  are  more  complex  than  most  others. 

a.  lea  height  by  wind  direction  offers  two  presentations  in  one 
graph.  Because  sea  direction  and  wind  direction  are  defined  as  the  same 
value  In  the  observation,  wind  direction  may  also  be  Interpreted  as  the 
direction  of  the  sea. 

(1)  The  percentage  frequency  of  observations  of  seas  from 
different  directions  Is  Indicated  by  bar  graphs  with 
reference  to  the  bottom  and  left  scales  of  the  chart. 

(2)  The  percentage  frequency  of  waves  from  specified  directions 
and  greater  than  2,  6,  9.  and  12  feat  Is  shown  via  plotted 
numbers  within  the  graph.  For  example,  the  number  plotted 
In  the  cell  labeled  "S"  at  tha  bottom  of  the  graph  and 
"greater  then  6"  on  the  right  side  of  the  graph  gives  the 
percentage  frequency  of  observations  having  sees  from  the 
south  with  heights  greater  than  C  feet.  These  percentages 
are  based  on  all  100  percent  for  all  directions,  not  100 
percent  for  each  dlraetlon. 

b.  The  cumulative  distribution  of  see  height  Is  shown  via  a  smooth 
curva  with  rsfsrencs  to  the  top  and  left  scales.  Bar  graphs  showing  tha 
percentage  frequency  of  observations  In  various  see  height  Intervals  are 
plotted  with  reference  to  the  bottom  and  left  scales.  All  see  (wave) 
heights  given  are  observed  values  and  can  be  converted  to  significant 
valuas  using  Nordenitr&n's  rslctlon,  described  In  Reference  I. 

<Ui/i  •  »•••  (*0bf)°  ^ 

c.  Moan  saa  heights  for  various  wind  apaad  Intervals  are  shown  via 
bar  graphs, 

d.  (wall  height  by  direction  Is  presented  In  a  manner  nearly  tha 
same  as  for  tha  see  described  In  leetton  lb  above. 
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e.  Swell  height*  ere  displayed  In  the  same  manner  as  the  sea  heights 
In  b  above. 

f.  Wave  heights  are  presented  In  two  ways  In  this  set  of  graphs: 

(1)  A  cumulative  distribution  of  wave  heigh**  Is  shown  via  a 
smooth  curve  relative  to  the  top  and  left  scales. 

(2)  The  plotted  numbers  Indicate  percentage  of  observations  with 
various  periods  (right  scale)  and  heights  (bottom  scale). 

g.  Mean  return  periods  (recurrence  Intervals)  for  maximum  slgnlfl~ 
cant  and  extreme  waves  are  presented  In  tabular  form.  For  a  given  return 
period  (say  5  years)  the  wave  value  Is  that  height  which  will  be  equaled 
or  exceeded,  on  the  average,  at  least  once  during  the  period. 

2.  Wind 

a.  Wind  speed  and  dlreerlon  Is  portrayed  by  use  o<;  a  tingle  graph. 
(The  legend  below  Illustrates  >ite  of  the  graph.) 


Direction  frequency  (top  teals):  tori  repretent  percentage  frequency  of  wind  obierved  from  eoch 
direction  Speed  frequency  (bottom  scale)  Printed  figwret  represent  percentage  frequency  of  wind 
•peed  observed  from  such  direction 

(d?4  © f  oil  winds  were  from  Wie  N.) 
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Printed  scale  en  bottom  el  chert 


b.  Return  periods  for  maximum  sustained  wind  are  presented  In  a 
manner  similar  to  the  waves  In  lection  l.g. 

c.  Olurnel  verletlon  of  wind  direction  Is  shown  vie  bar  graph*. 

d.  Diurnal  verletlon  of  the  naan  wind  spaed  Is  *h< wn  via  a  smoothed 
curve. 
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e.  At  In  the  cate  of  visibility  persistence  In  Section  3»o*  continu¬ 
ous  observations  ere  needed  for  gale  persistence.  Such  graphs  have  been 
adapted  where  possible,  from  the  U.S.  Navy  Marine  Climatic  Atlas  of  the 
World  (Reference  3)  and  are  presented  In  map  form. 
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f.  Dlw^nnl  variation  of  wind  spaed  Is  shown  via  bar  graphs. 

3.  Visibility 

a.  The  first  presentation  ahowa  a  cumulative  curve  of  visibility 
observations  (top  scale)  and  the  distribution  of  vislbllltlss  In  certain 
Intervals  via  bar  graphs  (bottom  scale).  The  lowest  category  Is  read  as 
zaro  to  (but  not  Including)  ont-half  nautical  ml  la. 

b.  Tha  dlvmal  variation  of  frequency  of  observations  with  visibili¬ 
ties  Isss  than  one-half,  lass  then  2,  and  lass  than  $  nautical  miles  Is 
shown  vie  smoothed  curvet.  Dots  are  plotted  for  the  All  Hours  summary. 

c-  Tha  pereantage  frsquancy  of  visibilities  lass  than  one-half,  lass 
than  2,  and  lass  thin  $  nautical  miles  Is  shown  versus  wind  direction  via 
bar  graphs.  Percentages  from  each  direction  are  based  on  100  percent. 

That  Is,  If  one-fourth  of  all  north  winds  had  visibilities  lass  than  2 
nautical  miles,  than  25  percent  will  ha  Indicated  for  tha  "lass  than  2" 
vatu#  for  north,  tea  taction  2  for  wind  direction  probabilities. 

d.  Percentage  frequency  of  occurrence  of  various  low  visibility  and/ 
or  low  calling  conditions  Is  depleted  via  bar  graphs.  If  either  visibility 
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or  cottlng  or  both  moot  the  various  criteria  than  the  observation  la  In* 
eluded  In  the  presentation. 

e.  Visibility  pars  I  stance  graphs  have  been  adapted  from  the  U.ft.  Navy 
Marine  Climatic  Atlas  of  the  World  deference  J),  tinea  these  tvmmerles 
are  only  possible  whan  a  continuous  series  of  observations  Is  available# 
the  only  graphs  presented  era  for  the  Ocean  Weather  Stations  near  the  area 
of  Interests 
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4.  Current 

a.  A  map  of  surface  currants  Is  presented  for  the  worst  month  for  the 
basin  or  sea  of  Interest.  The  map  Is  adapted  from  the  Indicated  deference, 
Tidal  currants  will  predominate  In  most  coastal  areas,  Currants  will  alas 
ba  quite  variable  during  sustained  high  wind  conditions. 

5.  Cloud  Cover 

a.  Cumulative  curves  of  duud  amount  and  bar  graphs  of  certain  cloud 
amount  Increments  are  presented  In  the  first  presentation  for  both  total 
and  low  cloud/ 

b.  Mean  cloud  amounts  era  depleted  via  circular  graphs  for  total  and 
low  cloud/ 

c.  The  diurnal  variation  of  good  cloud  conditions  Is  presented  by  e 
smoothed  curve,  Oood  cloud  conditions  ate  considered  to  be  observations 


•Low  cloud  Is  drained  as  the  lowest  significant  aloud  observed  and 
rviy  b«  a  low  or  middle  generic  type,  It  Is  represented  by  In  the  marine 
synoptic  observation. 
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with  to*  ctouP  amount*  ton  than  9/1  or,  If  preater  than  or  opuet  to  9/1, 

*lth  bate*  above  1000  feat. 

9.  Temperature,  MwmIPIty 

a.  A  cumulative  eurv#  d I oplaya  tho  parcentape  frapuaney  of  opeurranea 
of  atr  tamperatura*  tan  than  or  apuat  to  apaalfta  value*. 

b.  The  aiurnel  variation  of  the  9th,  90th,  anP  99th  parcentMa*  of 
air  tamparatura  are  shown  via  emoothaP  aurva*.  PlottaP  Pots  Indicate  the 
values  for  the  Alt  Hours  summary. 

a.  Heen  atr  tamporatura  by  win!  Plreetlan  it  PepletaP  via  bar  frapht. 

P.  The  oaeurranea  of  hlfh  wlnPt  with  aotP  temperatures  It  prosenteP 
on  e  paraentepe  frepuenity  bails. 

a.  lea  surface  temperatures  are  swmmerlieP  by  u*e  of  a  cumulative 
pereentaie  frequency  Plstrtbutlon. 

f.  Diurnal  variation  of  mean  relative  humIPIty  I*  shown  by  e  smooth 
curve. 

g,  A  cumulative  persentave  frapuanty  curve  Is  Prawn  for  relative 
humlpltles  lets  than  certain  values. 

7.  Precipitation 

a.  Precipitation  by  typa  It  pretenteD  via  bar  graphs  CoPInf  prac¬ 
tice*  prohibit  tne  separation  *f  MParatc  and  heavy  Intensities. 

b.  Precipitation  by  wlnP  plraetlon  la  prc»«ntaP  by  uaa  of  bor  praph*. 

Hora  the  percentage*  era  be»oP  on  100  percent  for  occh  Plraetlon.  Thet  la, 

If  eno-feurth  of  ell  north  wlnP*  were  oseompcnleP  by  preclpltetlon,  the  bar 
will  InPlcite  If  percent,  tee  taction  t  for  wlnP  PlreMlon  probcbl  1 1  tin, 

c.  The  Plurncl  variation  of  preclpl let len  I*  shown  by  u*e  of  smnotnaP 
curve*. 

I.  tee  Level  Pressure 

e.  Cumulative  percent  frepueney,  in  termc  of  millibar*,  I*  prascrtaP 
In  p  ft  I  rtf  1  •  praph. 
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9.  Celling 

Th I •  section  contain*  two  presentations  of  the  "low  Cloud  Celling" 
which  It  defined  et  e  low  cloud  amount  greeter  then  or  equal  to  5/8,  where 
low  cloud  amount  It  the  coded  In  marine  tynoptlc  observations.  Nh  It 
the  lowest  significant  cloud  amount,  which  may  be  a  low  or  middle  generic 
type. 

a.  the  first  graph,  Calling  Height,  shows  the  cumulative  percentage 
frequency  of  observations  of  celling  height  below  certain  values.  Via  bar 
graphs  It  also  Illustrates  the  percentage  frequency  of  observations  of 
certain  celling  height  ranges. 

b.  The  second  graph  displays  the  diurnal  variation  of  observations 
with  calling  balow  600  feat,  and  at  or  above  1000  feet  (which  also  Includes 
observations  with  no  calling). 

10.  fog 

The  nature  of  modern  reporting  codas  makes  It  Impossible  to  determine 
the  presence  of  fog  when  preelpl tatlon  Is  occurring. 

a.  Percentage  frequency  of  fog  versus  wind  direction  Is  depicted  by 
bar  graphs,  lech  direction  Is  summarised  on  the  basis  of  100  percent. 

That  Is,  If  half  of  all  north  winds  were  accompanied  by  fog,  then  50  per¬ 
cent  wilt  be  plotted  for  north,  The  average  of  these  percentages  will  be 
total  fog  frequency,  lea  the  wind  presentation  (Section  2)  for  the  prob¬ 
abilities  of  having  winds  from  various  directions. 

b,  The  occurrence  of  fog  versus  afr-sea  temperature  difference  Is 
also  presented  using  bar  graphs.  Here  the  percentages  refer  to  all  obser¬ 
vations.  That  Is,  a  bar  Indicating  2  percent  at  *9/'l0*F  means  that  2 
percent  u f  all  observations  had  an  alr-iea  temperature  difference  In  thet 
range  and  w era  accompanied  by  fog,  The  plotted  number  of  each  air-sea 
tamperatura  difference  category  gives  the  percent  of  ell  observations  In 
that  category,  whether  they  had  fog  or  not. 

11.  Storms 

a.  A  map  of  low  pressure  canter  movements  and  Intensities  Is  pre¬ 
sent#!.  The  dsta  are  depleted  by  rose  graphs  for  10*  l«t I tude-longl tuda 
quadrangles. 
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b.  Extratroplcal  {or  tropical)  cyclone  movements  and  Intensities  are 
presented  In  the  same  format  as  low  pressure  centers.  One  notable  differ¬ 
ence  In  format  Is  the  addition  of  a  third  number  In  the  center  of  the  rose. 
This  third  number  gives  the  probability  of  having  at  least  one  cyclone  In 
the  given  area  (5°  1  a 1 1 tude- longl tude  quadrangles)  In  any  given  year  for 
the  selected  month. 

c.  The  diurnal  variation  of  the  occurrence  of  thunderstorms  Is  de¬ 
picted  via  a  smoothed  curve. 

12.  Ice 

Special  maps  available  from  the  U.S.  Navy/Department  of  Commerce 
Climatological  and  Oceanographic  Atlas  show  Ice  and  Iceberg  conditions. 

a.  Concentration. 

b.  Icebergs. 

13-  Superstructure  Icing 

a.  Percentage  frequency  of  moderate  and  severe  potential  for  super- 
structura  Icing  Is  displayed  via  bar  graphs. 

Moderate  Icing  potential  Is  derived  from  observations  with  temperature 
less  than  or  equal  to  28*F  and  wind  speed  greater  than  or  equal  to  13  knots 
Icing  potential  Is  considered  severe  when  temperature  is  less  than  or  equal 
to  I6*F  and  wind  speed  Is  greater  than  or  equal  to  30  knots. 

Moderate  Icing  potential  relates  to  a  buildup  of  less  than  one-tenth 
of  an  Inch  per  hour.  Severe  Icing  Is  encountered  when  buildup  Is  one-tenth 
of  an  Inch  or  more  per  hour. 
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The  electromagnetic  properties  reported  or  derivable  herein  are  taken 
from  Reference  25  and  Include 

a.  Upper  Air  Radio-Ref ractl vl ty 

b.  Mean  Surface  Refractlvlty,  N$,  and  Difference  at  1  km,  AN  (Above 
the  Surface) 

c.  Extreme  Values  of  Gradients  of  Refractlvlty  In  Lowest  Atmospheric 

Layer 

d.  Mean  Tropopause  Heights 

The  data  presented  Is  In  the  form  of  gtcbal  contours  for  the  months  of 
February,  August,  and  November.  As  data  Is  not  available  for  all  months, 
the  month  closest  to  the  worst  case  month  given  for  each  location  on  Table 
3  of  the  rjln  text  Is  used.  For  example,  the  electromagnetic  data  for 
February  should  be  used  for  Locations  A,  B,  C,  G,  and  H.  August  data 
should  be  used  for  Locations  E  and  F.  November  data  should  be  used  for 
Location  D.  Reference  13  also  contains  data  for  the  month  of  May  which 
has  not  been  Included  In  this  report. 

The  refractlvlty  values  reported  herein  are  derived  from  radiosonde 

data. 

a.  Cumulative  distributions  at  1,  5.  50,  95,  and  99  percent  levels 
are  given  In  tabular  form  for  surface  refractlvlty  at  various  world  loca¬ 
tions.  Upper  air  radlorefractlvlty  Is  derivable  from  charts  of  0^,  the 
mean  sea-level  dry  term,  Wq,  the  mean  sea-level  wet  term,  ,  the  dry-term 
tropospheric  scale  height,  H,,  the  dry-term  stratospheric  scale  height,  H  , 
the  wet-term  scale  height,  and  zt«  the  mean  density  tropopause  altitude. 
There  parameters  are  known  as  the  M(z)  parameters  and  are  all  referenced  to 
cea  level.  The  z^.  chart  determines  which  of  the  dry-term  curves  should  be 
used.  For  example.  If  the  desired  altitude  z,  above  sea  level,  of  N(z)  Is 
below  the  zt  value  specified  at  the  locaf’on  required,  use  the  tropospheric 
equation 

N(z)  -  Doexp{-~}  +  Woexp{-f~)  (Kl) 

1  w 

If  the  desired  altitude  Is  shown  the  zf  value,  use 
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zt  <2  '  ZJ  , 

N(z)  -  Do«xp{-jj- - p — — )  +  Woexp{-^->  (K2) 

'  2  w 

All  three  scale  heights  are  required  for  equation  K2,  whereas  only  two,  Hj 
and  Hw,  appear  In  the  tropospheric  equation.  If  the  surface  altitude  of 
the  location  Is  greater  than  1  km,  it  Is  suggested  that  the  "standard 
atmosphere"  value  of  3  km  he  substituted  for  H  I  . 

W 

b.  Mean  surface  refractlvlty  N$  Is  presented  In  tabular  form  for 
various  world  locations.  The  monthly  mean  AN  (difference  between  refrac¬ 
tlvlty  at  the  surface  and  at  1  km  above  the  surface)  Is  presented  for  the 
entire  world.  The  AN*  at  any  specified  location  Is  derivable  given  the 
monthly  mean  surface  refractlvlty  value,  Ns,  and 

AN  -  bfiT  -  TT)  +  AN  (K3) 


where 


i  r 


Ns  -  Noexp 


~0 . 1  z 


and  z  Is  the  elevation  e'.ove  sea' level  In  kn.  World  maps  of  Nq,  the  yearly 
sea-level  value  of  ref . activity,  b,  the.  slope  of  the  regression  line  of 
equation  K3  and  AN,  tv. a  mean  ann  lal  value  of  the  refractlvlty  difference 
between  the  surface  an:i  1  km.  linear  Interpolation  of  the  values  for  these 
parameters  at  specified  location'.  Is  recommended. 

c.  Initial  gradient  data  obtained  for  99  of  the  112  world  stations  In 
the  table  presented  In  part  a  above  are  presented  In  groups  of  world  maps 
to  Illustrate  various  aspects  or  the  percentage  distribution  of  gradients 
in  ground-based  layers.  The  charts  presented  are 

(1)  Percent  of  time  gradient  ^0  (N/km) 

(2)  Gradient  exceeded  10  and  2  percent  of  the  time  for  100-m 
layer 

(3)  Percent  of  time  gradient  -100(N/km)  and  percent  of  super- 
refractive  layers  >  100  m  thick. 

(k)  Percent  of  time  gradient  <_  157(N/km)  and  percent  of  ducting 
layers  >  100  m  thick. 


t 


(5)  Percent  of  time  trapping  frequency  Is  below  3000  Mc/s,  below 
1000  Hc/s,  and  below  300  Mc/s. 

(6)  Lapse  rate  of  refractlvity  (N/km)  exceeded  25,  10,  5,  and  2 
percent  of  the  time  for  100-m  layer. 

d.  Mean  tropopause  heights  obtained  In  the  process  of  computing  N(z) 
parameters  at  the  112  stations  listed  In  the  table  of  part  a  are  presented. 
The  heights  presented  In  the  world  map  represent  the  average  of  all  of  the 
Individual  altitudes  which  marked  the  base  of  the  first  layer  which  had  a 
thickness  of  at  least  2  km  and  a  temperature  lapse  rate  of  less  than 
2°c/km. 


Cumulatirc  dittnbutiex  leeelt  (in  percent)  of  nrface  refractitUy 
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i  ••!  UPPER-AIR  REFRACTIVITY  PARAMETERS,  N(Z) 
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I/ry-(rrm  b r-Ar  bright  in  hi,  H:t  August 


Mean  denuty  tropopause  altitude  in  km§  t\:  August. 


K-12 


MEAN  SURFACE  REFRACT1VITY,  Ns,  AND  DIFFERENCE  AT  1  km.TN 


Mran  utrjart  rtfractititg. 


Abidj  *n.  Ivury  C‘o.v«l.  . 

Ad'lsdv.  AumUaIi*  .  ... 

Aden,  Arabia .  ... 

Albrut'M  lUilbvai.  Ptnamk  C.l. 
Albu'i^rqu*.  N.  Me*. . 


Aldan.  D.SS.Il.  . 

Amt,  Snrih*'t.i  Tcmi«firt... 
AWuodrr  U.»y.  South  Afrirs  . 

Aleve/Matson,  Alga-ns . 

Alice  Shrine  Austrftlt*  . 


Allahshzid,  India  ... 

Ainu  Ala.  I.S  S.R . 

Acnu«d#en-N<*ott.  AnUrctit* 

Anadyr.  U.S-S-R . 

Anchorage,  Alaska .  .  . 


Ankar.«,  TgrVry  .  .. 
Anlol.Hea«iu,  Chile  .  . 

Anulef.  Algrne 
Argenlu,  Newfoundland 
Arkhangelsk,  l  3  S  K  . 


Aihkahad,  LMS  R. . 

Aswan.  United  Arab  Republic.  .  . 

Athena.  Ga.  . 

Athtnai,  Greece 

Auckland.  Ni*  Zealand. . 

Rahia  Dlanra.  Argentina . 

Bahrain  ttland 

Baker  l-ekc.  Northwest  Territories 
Bangkok.  Thailand  . 

Bangui.  C«-nfr$l  Afriran  Republic.  . 


Barrow,  Alaska . 

Beer  Ya  An"*,  Israel.  .... 
B-Klan.  U  S  S  R. 

Beni  Aoh**/Coiomb,  Algeria 
Benina.  Libya  _ 
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Beograd,  Yugoslavia . 

Bismarck,  N.  Dak.  . 

Blarney  a  Island  .  .  . 

BlagnveahclrensV.  I’  S  S  R- 
Bloemfontein,  South  Africa 

Boise.  Idaho 

Bombay  .  India . 

IWdcsu*.  France . 

Brest ,  franc* 

Brisbane.  Australia 


Broken  Hill.  Zambia 

Brownevillc.  T*t. 

BtuseUm.  Belgium 
feukhta  Tikheya,  t’.8  S.R. 
Bukhta  TtWsi,  L.S.S.R-  ... 


Bvrd  fttannn.  An'arctir* 
Cairo,  I’ftiMil  Arab  Republic. 
Calcutta,  IndM  . 

CamjatfU'*y,  Cuba  . 

Canton  Inland  . 


Csj-e  Hstteras,  N.  C- 
Cantxiu.  Maine 
CharlevilU.  Australia 
Chatham  Island 
Chiangm  ii.  Thailand 


Chita,  I  SS  R 
Christchurch,  \>»  Zealand. 
Clark  In-id.  the  Philippine* . 

tTwneurry.  Auatndia . 

Cocoa  Island . 


Columbia,  Mo. 

Coppermine,  North* vet  Territories.  .  . 
Coral  Hiirhnur,  Nor  the  set  Terrltoriee. 

Cordnha,  Argentina . 

Curacao  lalsnd  . .  . 


Dakar,  S-  nnt*l . 

Dar  Ra  &il*am.  Tanunia 
Dam  In.  Australis  ... 

Denver,  Colo. . 

D  K.  Mnlsn  Capetown  . 
S<>u'h  Africa  . 


D'jsrhaklr,  Turkey.  .  .  . 
Djakarta,  Indonesia.  .  . 
Dodge  City,  Kan*. 
Dnuala.  Cameroon  .  . . 
Durban,  South  Africa 
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l^nfllud«  |  Kcl».  Mar.  Apr.  May  June  July  Aug.  hq»i.  Oft.  |  Nov. |  Dec. 


Edmonton,  Alberta . 

tgedsaminde,  Greenland . 

El  Adam,  Libya. . 

El  Paso,  Tea . 

Ely,  N«v .  . 


Entebbe,  Uganda . 

Eureka,  Nerthnaet  Territories . 

Ktciaa,  Argentina . . . 

Fairbanks  Alaska . 

Format,  Auai/nlm . 

Ft.  La  my.  Chad  . 

Ft.  Netaon,  British  Columbia . 

Ft  Smith,  Northwest  Territories . 

Ft.  Triit^wt,  Mauritania . 

Funchal,  Madeira . 

Cauhati,  India 
Giles,  Australis 

Goose  Bay  Labrador . 

Cough  Island  . , . 

Croat  Falla,  Xlonu . 


Groan  Bay.  W ’ise. 
Curve*,  U.S-S-K. 


Curve*.  U.8  9.K., 

Habbaniye.  Ir»o  . 
Helsinki,  Finland. 
Hilo,  Hawaii  . 
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Figure  L-t  provides  a  daylight-darkness  chart,  extracted  from  Refer¬ 
ence  3,  for  the  Northern  Hemisphere.  Locations  A  through  I  are  noted  In 
the  latitude  scales  on  the  left  and  rlgnt  of  the  chart.  The  thart  assumes 
that  daylight  Is  the  period  of  time  from  sunrise  to  sunset.  For  example, 
the  daylight  of  February  15th  of  any  year  at  Location  A  (63*N)  Is  approxi¬ 
mately  8  hours  and  45  minutes.  As  stated  In  Reference  3,  additional  light, 
as  at  twilight,  may  be  useful  for  some  purposes,  say  for  Instance  aircraft 
landings.  Also,  It  Is  noted  that  some  error  In  the  chart  for  latitudes 
about  60*  (Location  A)  Is  possible  because  of  the  dependence  of  duration 
of  daylight  on  local  atmospheric  conditions  and  refraction. 

Figure  L-2,  extracted  from  Reference  2,  provides  a  theoretical  pre¬ 
diction  of  the  depth  of  wave  action  as  a  function  of  wave  period.  The 
figure  Is  derived  from  the  assumption 

2  2 

wavelength  (In  feet)  *5.12  *  (wave  period)  (In  seconds  ) 

and  that  the  depth  at  which  wave  action  becomes  negligible  equals  one  half 
the  wavelength  while  the  depth  of  no  wave  action  equals  the  wavelength. 

Figure  L-3,  extracted  from  Reference  20,  provides  estimates  of  sur¬ 
vival  times  of  a  person  In  cold  water.  Ordinary  clothes  and  life  preserver 
are  assumed. 

Figure  L-4,  extracted  from  the  Sea  Environmental  Manual,  a  draft  report 
to  be  published  during  1979,  provides  an  identification  of  sea  severity 
using  sea  state  delineators.  Significant  wave  heights  (average  of  one- 
third  highest  double  amplitudes)  and  average  sustained  wind  speeds  are 
given  for  each  sea  state.  The  percent  frequencies  of  occurrence  are  for 
the  North  Atlantic  between  40  to  60*N  during  the  winter  months  (December 
to  February) . 

Wind  speeds,  such  as  those  given  on  Figure  L-4,  are  representative  of 
a  gradient  and  must  be  specified  for  a  given  height  above  the  sea  surface. 
The  wind  velocity  gradient  can  be  approximated  by  the  following  expression 
obtained  from  Reference  26: 

*B  -  VA  <H,/"a>1/7 

where  v  Is  the  wind  speed  and  H  Is  the  height  above  the  sea  surface  at 
point  A  or  8. 
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Figure  1-2  -  Depth  of  Wave  Action 
a*  e  Function  of  Wave  Period 
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♦Note:  Wind  Speed  Is  taken  as  the  mean  sustained  speed  for  10 
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Figure  l-**  -  Sea  State  Chart  for  Wintertime 
North  Atlantic  (AO  to  60*N) 


INITIAL  DISTRIBUTION 


Copies 


Copies 


1  CNO 

N0P-952F2  H.  Burkhart 


NSVC  (White  Oak) 
Library 


1  NAVMAT 

NMAT  08T245  CDR  E.  Young 


CEL 

Library 


19  NAVSEA 

SEA  3213  E.  Comstock  (5) 
W.  Sandberg 
SEA  61R4  H.  Demattla 
SEA  61433  F.  Prout 

0.  White  (10) 
SEA  9340  CAPT  R.  Baker 

1  OCEANAV 

CAPT  J.  McDonnell 

3  FNWC 

CAPT  P.  Petit 
CDR  R.  Miller 
N.  Stevenson 

1  PMTC 

CDR  J.  Tupaz 

2  NWSD  Asheville 

CDR  T.  Fitzpatrick 
J.  Ownbey 

2  NORDA 

R.  Goodman 
J.  A1 lender 


1  NRL 

Library 

1  NOSC 

Library 

1  NUSC 

Library 

1  NAEC 

Library 

1  NADC 

Library 

1  Naval  War  College 
Library 

1  USNA 

Tech.  Library 

1  NAVPGSCOL 
Library 

1  USCG 

Library /5'2 


1  NAVOCEANO 

CAPT  Palmer 


MPR  Associates 
F.  Sellars 


3  NEPRF 

CAPT  Schram 
A.  Weinstein 
R.  Nagle 

1  NATC 

Library 

1  NSWC  (Dahlgren) 
Library 


1  Netherlands'  Minlsterle  Van  Defens  la 

J.  Dlrkzwager 

2  AMTE  (Haslar) 

A.  Lloyd 
N.  Andrew 

1  Bell  Helicopter 
P.  O'Reilly 


DISTRIBUTION  (continued) 


1  Sikorsky  Aircraft 

F.  Camaratta 

3  EG  6  G 

G.  Seeber 
G.  Webb 
M.  Harris 

k  Presearch,  Inc. 

J.  Breemer 
G.  Anderson 
L.  Lay 
A.  Hiller 

5  Rockwell  International 
C.  Sims 
J.  Winston 
R.  Welch 
G.  Mason 
W.  Fisher 

2  Raytheon  Company 

P.  Vlscardl 
F.  Duffy 

1  Atlantic  Research  Corporation 


CENTER 

DISTRIBUTION 

15 

W.  Morgan 

1502 

V.  Monacella 

1507 

D.  CleslowskI 

1513 

W.  Cummins 

156 

G.  Hagen 

1568 

G.  Cox 

1568 

A.  Baltls 

1568 

N.  Bales 

1568 

R.  Bishop 

1568 

W.  Lee 

1568 

J.  Voelker 

1170 

S.  Hawkins 

1730.3  W.  Buckley 

1630 

R.  Peterson 

REPRODUCED  FROM 
BEST  AVAILABLE  COPY 


DTNSRDC  ISSUES  THREE  TYPES  Of  REPORTS 

1.  DTNSRDC  REPORTS,  A  FORMAL  SERIES.  CONTAIN  INFORMATION  Of  PERMANENT  TECH 
MICAL  VALUE.  THEY  CARRY  A  CONSECUTIVE  NUMERICAL  IDENTIFICATION  REGARDLESS  OF 
THEIR  CLASSIFICATION  OR  THE  ORIGINATING  DEPARTMENT. 

2.  DEPARTMENTAL  REPORTS.  A  SEMI  FORMAL  SERIES.  CONTAIN  INFORMATION  OF  A  PRELIM¬ 
INARY,  TEMPORARY,  OR  PROPRIETARY  NATURE  OR  OF  LIMITED  INTEREST  OR  SIGNIFICANCE. 
THEY  CARRY  A  DEPARTMENTAL  ALPHANUMERICAL  IDENTIFICATION. 

3.  TECHNICAL  MEMORANDA.  AN  INFORMAL  SERIES.  CONTAIN  TECHNICAL  DOCUMENTATION 
OF  LIMITED  USE  AND  INTEREST.  THEY  ARE  PRIMARILY  WORKING  PAPERS  INTENDED  FOR  IN 
TERNAL  USE.  THEY  CARRY  AN  IDENTIFYING  NUMBER  WHICH  INDICATES  THEIR  TYPE  AND  THE 
NUMERICAL  CODE  OF  THE  ORIGINATING  DEPARTMENT.  ANY  DISTRIBUTION  OUTSIDE  DTNSRDC 
MUST  BE  APPROVED  BY  THE  HEAD  OF  THE  ORIGINATING  DEPARTMENT  ON  A  CASE-BY-CASE 
BASIS. 
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